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GENERAL INTRODUCTION 
Dialysis is a Renal Replacement Therapy (RRT) for the later stage (stage 5) of Chronic 
Kidney Disease (CKD). It cleans the blood and removes metabolic wastes and excess 
water from the body. The other alternative RRT is renal transplant (Mahan, 2004). The 
numbers of hemodialysis (HD) patients are increasing worldwide as well as their rates 
of morbidity and mortality (Wish, 2001). In Lebanon, there are 55 hospital-based HD 
units hosting about 2500 patients (0.66% of population - Elzein et al., et al, 2010) and 
costing the Lebanese Ministry of Public Health alone 7.8% of its budget (Ammar et al, 
2009).  
 HD patients suffer from multiple co-morbidities that increase the burden of life. 
Bone demineralization, better known as CKD-MBD (mineral bone disorder) is by far the 
most common problem among HD patients (Durose et al 2004) and is known as the 
‘silent killer’ of HD patients (Locatelli 2002). CKD-MBD results from chronic uncon-
trolled hyperphosphatemia (> 5.5 mg/ dl). With the failure of the kidney, the excretion 
of serum Phosphorus (P) decreases; when accompanied with a dietary P in positive 
balance with excreted serum P, hyperphosphatemia results. Chronic disruption of the P 
balance will affect the calcium (Ca) balance and thus lead to uncontrolled secretion of 
parathyroid hormone (PTH). The latter causes hypertrophy of the parathyroid gland 
and excessive mobilization of Ca and P from the bones, which disturbs bone homeosta-
sis and results in CKD-MBD. The increase in serum Ca and P levels and thus the Ca*P 
byproduct can result in metastatic calcification in bone, joint, and tissue. Other symp-
toms of this condition are: muscle cramps, cardiovascular disease, skin problems, de-
creased quality of life (QOL) and increased mortality and health care cost (Amann et al. 
1999).  
 In 2003, the Kidney Disease Outcomes Quality Initiative (K/QODI) published its 
original set of guidelines for CKD-MBD management in all stages of CKD. The following 
were identified as the key strategies: 1) P restricted diet and P chelating medication, 2) 
vitamin D therapy, 3) follow-up of relevant biochemical parameters, 4) dialysis adequa-
cy and management of metabolic acidosis, and 5) availability of qualified staffing in the 
dialysis clinics (K/DOQI Clinical Practice Guidelines 2002, McCann L 2009).  
 Adherence to these dietary restrictions imposed on HD patients by KDOQI guide-
lines has been reported in the literature to be very low, ranging from 19% to 57% 
(Denhaerynck et al, 2010). Patients have labeled the P restricted diet as the most com-
plicated dietary prescription in the renal diet (Durose et al, 2004). Unfortunately, de-
creased adherence to medical nutrition therapy (MNT) in HD patients leads to hyper-
phosphatemia and co-morbidities resulting form hyperphosphatemia mentioned earlier 
(Denhaerynck K et al, 2010). 
 The renal diet specific for HD patient requires 1 – 1.2 grams per kilogram of body 
weight per day protein which provides up to 800 – 1400 mg/d P (Afifi et al. 2005) which 
exceeds the allowed amount of dietary P (1000mg/d) (McCann 2009). This can be 
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achieved by limiting protein sources to the ones with a P to protein ration of 10 – 13g P 
per 1g of protein (McCann 2009). All of these rules and regulations make the diet chal-
lenging for the patient to follow. This highlights the important role of the competent 
renal dietitian in the HD unit, to carefully plan a well balanced diet to maintain an opti-
mal nutritional status yet prevent serum P rise. Throughout the literature patients have 
shown to improve their adherence when dietitians individualized the diet for each pa-
tient based on his/her kidney function, co-morbid conditions, medications, binders, 
serum lab values, culture, food preference and intake, tolerance, socioeconomic status, 
religious status, and beliefs (Tsay & Hung 2004, Ashurst & Dobbie 2003, Baker et al. 
2005, Bodenheimer et al. 2002). Moreover, Caldeira et al (2011) showed that educa-
tional counseling can ease adherence to this diet. Strong evidence exists to support the 
use of a combination of behavioral change models and cognitive behavioral therapy, in 
facilitating dietary lifestyle changes (Spahn et al, 2010). 
 Renal dietitians are essential specialized members of the healthcare team, respon-
sible for providing adequate nutrition care and monitoring of HD patients (Thelen et al., 
2009). Full implementation of evidence based guidelines (EBG) for CKD by dietitians and 
adequate dietitian- to- CKD patient time has shown to effectively decrease patient 
hospitalization, mortality and thus health care cost (Wolfe, 2012; Campbell et al., 2009).  
 Barriers to full implementation of EBG for CKD among dietitians have been recog-
nized to be mainly: lack of specialized dietitians in renal care (Beto & Bansal, 2004), lack 
of time and lack of the support system by the health care organizations (Wolfe, 2012). 
As a result, dietitians of various backgrounds are filling the increasing need for special-
ized nutrition professionals in HD centers. Wolfe (2011, p: 170) stated “even the most 
qualified and organized dietitian will be unable to provide quality nutrition care to dial-
ysis patients when the time allotment is inadequate or patient load is too great”. The 
situation is not different in Lebanon, but there are no publications on the topic.  
 The present thesis aims primarily to examine the effect of self management dietary 
counseling of CKD-MBD among Lebanese HD patients in an attempt to identify the 
cultural specific strategies needed to optimize the nutritional care in national HD units. 
The project followed the steps of intervention mapping (Figure 1). 
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Figure 1: Intervention mapping (simplified model) 
Adapted from Zwikker H et al, 2012 
Step 1: Needs assessment:  
Evaluation of dietetic practices in Lebanese HD units was conducted. Gap analysis of 
practice patterns was done by comparing the current status to EPG (KDOQI; 2000). 
Moreover barriers to full implementation were identified, detailed in chapter 2.  
 Furthermore, focus group discussions were done with 3 dietitians working with HD 
patients and with 15 HD patients. The aim of this was to explore their perspectives on 
facilitators and barriers towards optimal adherence to P restricted diet. Findings are 
detailed in Chapter 4. 
Step 2: Intervention objectives: 
According to the findings of the needs assessment, study objectives were set to be the 
following:  
• Develop and provide a dietetic training module that helps empower clinical dieti-
tians on the EBG of renal MNT.  
C H A P T E R  1  
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• Develop a patient educational module that helps patients achieve self management 
in dietary management of hyperphosphatemia. The aim of this was to make easy to 
use ready-made educational material fit to the Lebanese language and culture, and 
effective in changing dietary behavior available. 
• Study the effectiveness of the dietitian and patient educational module on the ad-
herence of HD patients to the P restricted diet; specifically on the following clinical 
and nonclinical outcomes:  
o Serum P ( primary outcome variable of the study) 
o Knowledge in dietary restrictions 
o Behavioral readiness to adapt the new dietary lifestyle  
o Dietary intake  
o Malnutrition inflammation scores (MIS) 
o QoL scores  
o Rates of hospitalization, length of stay and need for emergency HD  
Step 3: Health behavior change methods and techniques:  
A systematic review with meta-analysis was conducted in Pubmed, Medline and Em-
base databases and detailed in chapter 3. The review targeted all published articles in 
the past decade on educational dietary interventions focusing on hyperphosphatemia 
management among HD patients with serum phosphorus (P) as the main outcome 
variable. After full evaluations by 2 independent reviewers, 18 articles met the inclusion 
criteria. Table 1 shows the key strategies retrieved from the review.  
 Moreover, the transtheoretical model (TTM) or the stages of behavioral change 
model created by Prochaska was chosen to be the basis of the patient educational ma-
terial/intervention. This model considers behavioral change as a dynamic process 
whereby people move from one stage to another over time. There are 5 stages in this 
model: 1) Pre-contemplation, 2) contemplation, 3) preparation, 4) action, 5) mainte-
nance. To create movement through the stages, an appropriate, stage-based interven-
tion is planned (Prochaska et al, 2008). Recent literature is leaning towards the effec-
tiveness of staged-matched nutritional education (Molaison et al, 2001; Mochari-
Greenberger et al, 2010) and in health promotion (Whitelaw et al, 2000).  
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Table 1: The formula for effective dietary education to manage hyperphosphatemia in HD patients 
Patients in-
volved in prepa-
ration of the 
intervention  
+  
Multidiscipli-
nary team 
approach where 
depression is 
also treated  
Educational material to 
be used  
1. Colorful informational 
booklet  
2. Handouts  
3. Booklet on P rich and 
poor food items 
4. Games and puzzles  
5. Posters  
6. Involving relatives  
7. Recipes adapted to 
the patients’ taste 
and culture 
Education 
must be 
done before 
the HD 
sessions and 
individual-
ized 
1. Hyperphosphatemia, 
its complications, and 
diet control with a 
complete list of P 
content in daily food ; 
2. Restricted/non-
restricted foods for 
low P diet, P/protein 
ratio of foods ;  
3. Avoiding foods with P 
additives ;  
4. P binders, their 
benefit and mode of 
action,  
5. Information on rele-
vant blood tests; in 
addition to behavioral
change methods like 
self-evaluation and 
self- regulation 
Use of 
behavioral 
theories 
Not less 
than 6 
month 
duration for 
education , 
and not less 
than 
monthly  
Step 4: Intervention content and pilot: 
Prior to the design of this thesis, a small scale study with similar objective and patient 
population was conducted by the study team (Karavetian & Ghaddar, 2012). It was a 
randomized controlled trial on 122 patients divided into 3 groups that examined the 
effect of self-management dietary counseling (SMDC) on adherence to dietary man-
agement of hyperphosphatemia among HD patients. The intervention duration was 8 
weeks during which the full intervention group received a two 20-minute sessions each 
week. Outcome variables were: serum P, Ca, patient knowledge on the P restricted diet 
and dietary adherence. The full intervention group experienced a significant improve-
ment in all study parameters. Thus this study was considered the pilot of the current 
thesis. Sample size was calculated based on the pilot; all questionnaires that needed to 
be translated to Arabic were used form the study where they were already translated 
and validated. The patient education concepts used in the pilot were elaborated and 
expanded into the patient education material of the current thesis. This is detailed in 
chapter 4. 
 Based on the preceding steps and the pilot study, the protocol of the study was 
developed, shown in Figure 2 and detailed in chapter 5. Subsequently the dietitian and 
patient education modules were developed; detailed in chapter 6.  
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Step 5 and Step 6: Implementation and Evaluation of Intervention: 
The full implementation of the study was explained in chapter 6 and 7. Chapter 4 con-
centrated on the change in knowledge and behavioral stage of the patient as per the 
TTM model, and chapter 5 concentrate on the change in QOL, nutritional status and 
hospitalization. Outcome evaluation was done for all study outcome variable to study 
the efficacy of the study.  
 
Figure 2: Flow Chart of Study Design 
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CHAPTER 2 
Nutritional Education for the Management 
of Osteodystrophy (NEMO) in Patients on 
Haemodialysis:  
A Randomised Controlled Trial  
 
 
 
 
 
 
Karavetian, M., Ghaddar, S. (2012). Nutritional Education for the Management of Oste-
odystrophy (NEMO) in Patients on Haemodialysis: A Randomised Controlled Trial. 
 
Journal of Renal Care, 39(1): 19-30 
  
C H A P T E R  2  
 18
ABSTRACT  
 Objective: To examine the effect of self-management dietary counselling (SMDC) 
on adherence to dietary management of hyperphosphatemia among haemodialysis 
patients.  
 Design: An eight-week cluster based randomised control trial. 
Participants: 122 stable adult patients were recruited from an HD unit in Sidon, Leba-
non. Study groups were: full intervention (A) (n=41), partial intervention (B) (n=41), and 
control (C) (n=40).  
 Intervention: Group (A) received SMDC, Group (B) received educational games only 
and Group (C) did not receive any research intervention.  
Main Outcome Measures: Serum Phosphorus (P), Calcium Phosphate product (Ca x P) 
and two questionnaires: patient knowledge (PK) and dietary non-adherence (PDnA) to P 
reduced diet. 
 Results: Group A experienced a significant improvement in mean (± SD) P (6.54 ± 
2.05 - 5.4 ± 1.97 mg/dl), Ca x P (58 ± 17 - 49 ± 12), PK scores (50 ± 17 - 69 ± 25%), and 
PDnA scores (21.4 ± 4.0 - 18.3 ± 2.0). Group B experienced a significant improvement in 
Ca x P (52 ±14 - 45±16). Group C did not experience any significant change post inter-
vention. 
 Conclusion: Our findings demonstrate the importance of patient-tailored counsel-
ling on serum P management. 
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INTRODUCTION  
Chronic Kidney disease (CKD) is a progressive disease. Patients with CKD often face 
many challenges, such as the complex regimen they have to follow and their low per-
ception of the impact of the therapy on their clinical outcomes. As a result, it is com-
mon to see patients on haemodialysis having difficulty adhering to their P control rec-
ommendations (Breiterman, 2005). Studies have shown a very low adherence rate 
(36%) to renal diet among patients on haemodialysis (HD), as measured by biochemical 
parameters (Lee & Molassiotis, 2002), with dietary phosphorus (P) being the most chal-
lenging (Durose et al., 2004). A recently published meta-analysis showed that non-
adherence with phosphate binder intake was reported to be as high as 74% (mean = 
51%; Karamanidou et al., 2008). 
 Non-adherence with dietary phosphate recommendations in patients on HD is 
associated with major medical problems, such as bone resorption (renal osteodystro-
phy), organ calcification and eventually chronic parathyroid hyperplasia and related 
cardiovascular complications (Block et al., 1998; Matteson & Russell, 2010). There have 
been no available data showing the prevalence of hyperphosphataemia among those 
on HD in Lebanon. However, the prevalence of hyperphosphataemia in Cairo (P > 5 
mg/dl) was 69.1% (Afifi et al., 2005).  
 An innovative method to improve adherence to dietary therapy among patients on 
HD was sought. Behavioural modelling was identified as a framework with a focus on 
beliefs and self- efficacy (Ghaddar et al., 2009). Self-management counselling (SMC) is 
an individualised intervention that uses the cognitive behavioural therapy approach. It 
aims to increase patients’ knowledge and their participation in health-related decisions 
to maximise adherence and improve clinical outcomes (Richard, 2006). 
 The current study examined the effect of self-management dietary counselling 
(SMDC) focusing on phosphate control in order to identify the culturally specific strate-
gies needed to optimise nutritional care in HD units in Lebanon. 
MATERIALS AND METHODS 
The study was an eight-week nutritional cluster randomised trial (CRT) that utilised a 
double-blind design. It included 122 patients from a HD centre in the South of Lebanon 
(Sidon). This centre served 150 HD patients and was the largest in the country at the 
time of the study (Lebanese MPOH, 2005). Participants were assigned into three 
groups: Full intervention (Group A) (n = 41), partial intervention (Group B) (n = 41) and 
control (Group C) (n = 40). A CRT design was carried out according to the shifts of the 
HD sessions, to minimise interaction among members of the study groups (Griva et al., 
2011). 
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Eligible participants were patients who were stable on HD and had been on HD therapy 
for at least three months. They were 18 years of age or older and of Lebanese origin. 
They had full cognitive, psychiatric and physical capability for self-care and communica-
tion. The study was approved by the American University of Beirut Institutional Review 
Board and by the participating hospital. Informed consent was secured from the partic-
ipants prior to the initiation of the study. 
 Demographic data and medical histories were retrieved from patients’ medical 
charts. Data included patients’ age, gender, years on dialysis, educational level, primary 
diagnosis of kidney disease and co-morbidities. A three-month average of examined 
biochemical parameters were collected prior to the initiation of the study as baseline 
data and then monthly throughout the study. The parameters included serum calcium 
(Ca), serum P, Ca and P product (Ca x P), intact parathyroid hormone (PTH), serum al-
bumin and calculated urea reduction ratio (URR). At the time of the study, PTH was 
tested only twice per year and serum albumin only four times per year, based on gov-
ernmental funding. Therefore, we were only able to record one value for baseline PTH 
and two values for baseline albumin albumin. Lack of monthly albumin assessment 
prevented us from evaluating serum corrected Ca, thus we used serum Ca. 
 A patient knowledge (PK) questionnaire was utilised to assess patients’ knowledge 
of kidney disease, renal diet, phosphate binders and vitamin D therapy. The question-
naire was adapted from Ford et al. (2004) and its total score was expressed in percent-
ages. It was translated into Arabic (local language), back translated into English to make 
sure the meaning of the original questions stayed the same, after which the Arabic 
version was piloted in 10 patients (Gandek & Ware 1998; Sabbah et al., 2003). 
 A patient dietary non-adherence (PDnA) to phosphate restricted diet questionnaire 
was also used in this study. It was developed utilising the same format of the School 
Physical Activity and Nutrition (SPAN) questionnaire (Hoelscher et al., 2003). The PDnA 
questionnaire consists of 13 items reflecting patients’ dietary and phosphate binder 
intake during the day prior to the questionnaire administration. Three items assessed 
dairy intake, five assessed sweet intake, three assessed high P starch intake, one cluster 
assessed high P protein items, and one cluster assessed high P fatty food items com-
monly consumed in Lebanon (condensed whole milk items and sesame paste [Tahini]). 
The answers for each item were: none (0), once (1), twice (2) and three (3) or more 
times a week. A score ranging from 0 to 3 was given to each item, and a total score was 
calculated to each one of the five categories (meat, fat, starch, sweets and dairy prod-
ucts). The total score ranged from 0 to 39, with higher scores indicating higher P intake 
thus lower adherence to a P reduced diet. 
 The questionnaire was piloted to 10 patients on HD. Furthermore, a questionnaire 
consisting of two questions was developed to assess the adherence of phosphate bind-
er intake with meals and with snacks during the day prior to the questionnaire admin-
istration. The patients were asked about the number of phosphate binders they took 
per day, and the timing of their binder intake. The possible answers were: doctor 
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stopped patient’s binders (0), yes, patient takes binders as prescribed (1), or no, patient 
does not take binders as prescribed (2). Those answers were compared with physicians’ 
prescriptions. 
 The type and quantity of phosphate binder intake at baseline were assessed for all 
patients in each group and elemental Ca content was calculated. All questionnaires 
were administered through the research dietitian. The dietitian then encircled the an-
swer as per patient’s response. 
Study Protocol 
All three study groups were assessed pre- and post-study to allow for within- and be-
tween-group comparisons. All study groups continued to receive their routine nutri-
tional education from their hospital dietitian. 
Group A: Intervention 
Participants in Group A received two 20-minute sessions each week throughout the 
eight-week study period. Methods used during these sessions were SMDC and interac-
tive games relevant to the weekly educational topic, the aim of which was to test par-
ticipants’ comprehension. The games were individually graded and results were dis-
cussed with each participant in that group. Additionally, after each monthly laboratory 
results, mineral bone disorder (MBD) related parameters were individually discussed 
for 10 minutes and relevant nutritional counselling was provided if required. Positive 
reinforcement was provided to all participants in that group regardless of their perfor-
mance level, with the aim of improving participants’ MBD parameters. 
Group B: Partial Intervention 
Group B received the study educational games; however, those participants were not 
provided with the correct answers. We included this group to assess the effect of the 
presence of a dietitian as an “authoritative figure” (Thomas et al., 2001; Ford et al., 
2004). 
Group C: Control 
Group C did not receive any nutritional intervention. 
At the end of the study, all participants received a folder that included the games and 
educational materials, all printed in low literary level, in bold and in illustrative photos. 
The educational materials included: 
(1) General information about kidney disease, 
(2) Hyperphosphataemia and its health-related complications, 
(3) Importance of adherence to dietary recommendations and phosphate binder ther-
apy on preventing associated comorbidities, 
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(4) A list of food items high in P, accompanied with relevant culturally appropriate low 
P alternatives. 
Data Analysis 
Analysis of variance (ANOVA) and Duncan’s post hoc test were carried out to examine 
baseline differences among the three study groups. A chi-square test was applied to 
evaluate difference in frequency distribution of categorical variables. A paired sample t-
test was used to examine within-group differences for the dependent variables. The 
Statistical Package for Social Sciences (SPSS) version 13 (0.05 significance, 95% confi-
dence level) was used to calculate the statistical analysis. 
RESULTS 
A total of 122 patients were enrolled, 87 completed the study and 35 (28%) dropped 
out (Table 1). The observed high attrition rate was due to the transfer of 20 patients to 
another clinic (n = 3, 8 and 9 from the Group A, B and C respectively). The remaining 15 
who left the study were due to transplantation (n = 1), death (n = 10) and withdrawal (n 
= 4). That resulted in n = 37, n = 26 and n - 24 for groups A, B and C, respectively. 
 
Table 1. Distribution of patients throughout the study and attrition rate 
 Intervention  
group (A) n = 41 
Partial intervention 
group (B) n = 41 
Control  
group (C) n = 40 
Transfer to another dialysis unit 3 8 9 
Transplantation --- 1 --- 
Death 2 3 5 
Withdrawal --- 2 2 
Total 5 14 16 
Baseline Data 
At baseline, the study included 48.5% males and 51.5% females with a mean (± SD) age 
of 58 ± 16 years and 56 ± 14 years, respectively. Mean years on dialysis were 5.07 ± 
5.12 years (median = 4 years). 74.6% of the participants were on dialysis for less than 
five years. Mean URR was 68.19 ± 12.97% (Min: 10%, Max: 82.06%) and mean PTH level 
was 710 ± 571 (min 20 and max 3000). Mean albumin level was 38.5 g/l (min 14.5 g/l 
and max 44 g/l). Eighty-nine percent of the participants at baseline had a phosphate 
binder prescription (Table 2).  
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Table 2. Demographic characteristics of the study populations (n = 122) 
Characteristic Categories Percent 
Gender Male 49  
Age Patients ≥65 years 36 
Patients on dialysis > 5yr 25 
Continue to work  15 
Co-morbidities Diabetes 33 
Cardio vascular disease 19 
Hypertention 52 
Primary cause Diabetic nephropathy 30 
Nephrosclerosis 24 
Glomerulonephrosis 11 
Hereditary 16 
Polycystic Kidney 13 
Other kidney disease 6 
Education Illiterate 32 
Read and write 8 
Elementary 43 
High school 12 
University 5 
Familial status Lives with family 89  
Lives alone 11 
BMI Normal: 18.5 -24.9 38 
Overweight: 25 – 29.9 38 
Obese: >30 24 
alb (g/dl) > 3.5  92 
URR >65%  27 
P (mg/dl) Hypophosphatemia: <3.49 7 
 Target level: 3.5 – 5.5 37 
Hyperphosphatemia: >5.5 57 
Ca (mg/dl) x P (mg/dl) >55  52 
PTH mg/dl category  <100 11 
100 – 300 15 
301 – 800 35 
801 – 1500 27 
 > 1500 13 
Prescribed phosphate binders by physician 89 
 
The overall dietary PDnA score was significantly higher (p < 0.05) in Group A (26.0 ± 
0.94), indicating lower adherence, compared with groups B (23.5 ± 0.50) and C (23.0 ± 
0.63). Also, mean serum P level was significantly higher (p < 0.05) in Group A (6.54 ± 
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2.05), also indicating lower adherence, compared to the groups B (5.53 ± 1.53) and C 
(6.31 ± 1.8; Table 3). There were no significant differences for the rest of the study 
parameters among the three study groups at baseline. When an ANOVA test was con-
ducted to detect possible correlation among study parameters, age was the only one 
with a significant negative correlation with PK (p < 0.05). 
 
Table 3. Baseline profile of the three groups (mean ± SD) 
 Intervention  
group (A) n = 41 
Partial intervention 
group (B) n = 41 
Control  
group (C ) n = 40 
Age (years) 50.36 ± 2.84a 58.89 ± 2.99b 59.63 ± 2.89b 
Year on dialysis (years) 5.50 ± 0.93 3.93 ± 0.63 5.54 ± 1.32 
PK (%) 53 ± 3 51 ± 3 48 ± 4 
BMI 25.9 ± 5.57 27.0 ± 5.32 26.3 ± 5.22 
Ca (mg/dl) 8.69 ±1.06 a 9.31 ± 1.52 b 8.47 ± 1.65a 
P (mg/dl) 6.54 ± 2.05a 5.53 ± 1.53b 6.31 ± 1.8b 
Ca x P product 57.62 ± 17.19 51.95 ± 14.30 53.41 ± 23.39 
URR (%) 71.82 ± 12.8 72.37 ± 15.9 71 ± 14.01 
PDnA 26.0 ± 0.94a  23.5 ± 0.50b 23.0 ± 0.63b 
Average elemental Ca intake 1400 ± 1202.4 1046.5 ± 888.9 1126.6 ± 951.92 
% of patients taking binder with meals as 
prescribed by physician/study group* 
77 ± 10 89 ±17 68 ±14 
% of patients taking binder with snack as 
prescribed by physician/study group* 
89 ± 15 83 ± 9 86 ± 19 
PTH 558.45 ± 380.21 737.68 ± 199.86 576.82 ± 386.09 
a,b Values with the same superscripts are significantly different at p < 0.05 based on one way ANOVA and 
Duncan's post hoc test. 
*Pearson Chi-Square, Asymp. Sig. (2-sided) = 0.58. 
Post-Intervention Data 
Post-test analysis showed a significant improvement in serum P levels (p = 0.01) (Table 
4), and PK scores (p = 0.02) only in Group A (Table 5). A significant improvement was 
observed in serum Ca x P product in both groups A (p = 0.006) and B (p = 0.01), but not 
in Group C (Table 4). A significant improvement was noted in the overall PDnA score 
within the Group A (p = 0.01) but not in Group C. Participants in Group B showed a 
significant decrease in only one aspect of the PDnA questionnaire: intake of high P 
sweet items (p = 0.01); however, their overall score did not reach statistical significance 
(Table 6). There was no significant improvement in any of the groups regarding phos-
phate binder intake with meals and snacks. 
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Table 4. Effect on osteodystrophy biochemical parameters (mean ± SD) 
 Intervention  
group (A) n = 37 
Partial intervention  
group (B) n = 26 
Control  
group (C) n = 24 
P (mg) – Pre 6.55 ± 1.89 6.71 ± 1.46 6.16 ± 1.34 
P (mg) – Post 5.39 ± 1.97* 5.08 ± 1.65 6.51 ± 1.36 
Ca x P – Pre 57.62 ± 17.19 51.95 ± 14.30 53.41 ± 23.39 
 Ca x P – Post 49.46 ± 11.63* 44.75 ± 15.56* 52.50 ± 13.59 
*p ≤ 0.05 shows significance based on repeated ANOVA test. 
 
Table 5. Effect of SMDC intervention on scores of knowledge in dietary phosphorus content, phosphate 
binder therapy and CKD (mean ± SD) 
 Intervention  
group (A) n = 37 
Partial intervention  
group (B) n = 26 
Control  
group (C) n = 24 
Pre - Knowledge 50 ± 17* 48 ± 13 49 ± 18 
Post - Knowledge 69 ± 25* 57 ± 29 61 ± 29 
*Demonstrates significance between pre and post at p ≤ 0.05 based on repeated ANOVA test. 
 
Table 6. Effect of SMDC intervention on dietary non-adherence questionnaire score (mean ± SD) 
 Intervention  
group (A) n = 37 
Partial intervention  
group (B) n = 26 
Control  
group (C) n = 24 
 Pre Post Pre Post Pre Post 
Sweets high in P 8.3 ± 1.8 6.8 ± 1.0* 7.8 ± 1.8 6.9 ± 1.5* 7.3 ± 1.4 7.4 ± 1.4 
Starch high in P 4.8 ± 2.0 3.5 ± 0.9* 4.4 ± 1.3 3.7 ± 1.0 4.0 ± 1.4 3.8 ± 1.2 
Dairy high in P 5.4 ± 1.1 5.5 ± 0.8 5.4 ± 1.1 5.7 ± 0.8 5.5 ± 0.9 5.9 ± 1.0 
Total score 21.4 ± 4.0 18.3 ± 2.0* 20.4 ± 3.8 18.9 ± 2.7 19.5 ± 2.6 19.8 ± 3.0 
*p ≤0.01 shows significance based on repeated ANOVA test. 
DISCUSSION 
This study was the first in Lebanon to examine the effect of a two-month nutritional 
education on serum P control in a sample of HD population. It showed that serum P 
level, as well as PDnA significantly improved only in Group A. Similar results were re-
ported in studies utilising similar counselling approaches, and improvement in patient 
adherence was correlated to a diet restricted in P (Bodenheimer et al., 2002; de Brito 
Ashurst & Dobbie, 2003; Cupisti et al., 2004; Ford et al., 2004; Tsay et al., 2005). 
 The SMDC approach encompasses a series of individualised educational sessions 
that aim at increasing patient involvement in their decision-making process to facilitate 
adherence to recommended therapy (Harum et al., 2003). 
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Participants in Group A were provided with a list of culturally appropriate Lebanese low 
P food items, a grocery shopping list, a list of healthier food selections when eating out 
to maximise the selection of low P food items. 
 A positive rapport between the patients and the research dietitian was developed 
throughout the counselling process. That helped the participants share their concerns 
and needs, which might have contributed to the observed improvement in their PDnA 
scores. 
 We were able to show that dietitian involvement with patient care and the integra-
tion of innovative and positive patient-tailored counselling can have a positive outcome 
on serum P, adherence to P control and PK scores. Similar studies that focused on SMFC 
and/or increased patient to dietitian interaction also reported similar results (Parment-
er et al., 2000; de Brito Ashurst & Dobbie, 2003; Cupisti et al., 2004; Ford et al., 2004; 
Tsay et al., 2005; Morey et al., 2008). 
 Demographic characteristics, such as age, gender and literacy levels have been 
controversially reported to affect PK (Wiser et al., 1997; Nissenson et al,. 2003; Poduval 
et al., 2003). In this study, no significant correlation was observed among any of the 
above listed variables. That might have been affected by the renal nutrition educational 
background of our patients who might have received a minimal renal nutritional educa-
tion prior to the study. Parmenter et al. (2000) reported that if people of all back-
grounds were given equal chances to information they would have reached the same 
results irrelevant of their educational background or gender. At the time of the study, 
Lebanon lacked dietitians trained in the renal field, since no specialty training for dieti-
tians existed in universities or as part of an internship training. Additionally, dialysis 
clinics in Lebanon lack adequate dietetic coverage because the hospital dietitians (often 
only one is hired per hospital) cover the HD unit only based on nephrologists’ consulta-
tion. 
 Patients in Group A showed a significant decrease in high P sweets (p < 0.01) and 
high P starch (p < 0.01) intake. The decrease in high P starch intake was due to a signifi-
cant shift from eating whole-wheat starch (high in P) to processed ones (low in P). 
Group B reported a significant improvement in 
adherence with high P sweet intake. It seems that even a simple interaction (game 
cards) had made a significant difference in adherence to low P sweet intake. Morey et 
al. (2008) reported that frequent interactions with the dietitian (once every month) 
lead to improved serum P level. 
 No significant change was observed in the consumption of dairy products in any of 
the groups. In Lebanon, dairy products are considered one of the main items in the 
daily dietary intake. Patients’ nephrologists reported that they encouraged their pa-
tients to consume dairy products as an affordable source of protein. 
 Literature has shown that patients on HD often have difficulty adhering to pre-
scribed medication regimens due to increased prescriptions and related gastrointestinal 
side effects (Tonelli et al., 2010). At baseline, patients in our study took P binders spo-
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radically and inconsistently throughout the day. Patients sometimes reported they had 
mistakenly thought of them as recommended Ca supplements. After giving compre-
hensive and individualised education, we did not observe a significant improvement in 
phosphate binder intake with any of the groups. Elwyn et al. (2003) reported that pa-
tient adherence is strongly determined by personal beliefs and attitudes; therefore, 
therapy should be based on a mutual agreement between the healthcare professional 
and the patient.  
Limitations of The Study 
The study used a convenience sample of patients recruited from one dialysis centre in 
Lebanon; therefore, it may not represent the overall Lebanese HD population. Partici-
pants were randomised (based on dialysis shifts), which may have introduced group 
variations in our study. Moreover, the study used questionnaires, which are known to 
be subjective methods of assessment. The study was originally designed to be a three-
month prospective nutritional intervention, followed by a three- and six-month follow-
up assessment to assess retention of PK and adherence, as well as control of MBD pa-
rameters. The planned timeline of the study was cut short and the follow-up period was 
cancelled due to the sudden war condition that broke out in the South of Lebanon at 
the time of the study, during summer 2006. 
 We recommend a three-month post-study follow-up to assess retention of PK pro-
vided to them. Morey et al. (2008) reported that the observed significant improvement 
in serum P during the first three months of their nutritional intervention study was not 
retained at six months (Morey et al., 2008). We also recommend the development of a 
culturally appropriate renal nutrition education packet. We hope that future and larger 
studies focusing on this research area would eventually help in developing protocols to 
include dietitians in the dialysis centres in countries that lack such essential coverage. 
Renal dietitian involvement would be an essential component that aids in controlling 
patient MBD parameters, improving patient quality of life and decreasing cost related 
to morbidity and mortality. 
Implications for Practice 
Lebanon lacks the academic system to produce specialised dietitians, including renal 
dietitians. Moreover, the Lebanese accreditation standards for hospitals do not pose 
the need of employing dietitians solely for HD units. Epping-Jordan et al. (2004) stated 
that supporting resources and policies are needed in HD centres for staff to regularly 
apply SMDC. Our study may pave the way for large-scale studies to develop the corner-
stones for possible improvement in all the abovementioned loopholes of the Lebanese 
system, and thus aim to improve patient clinical outcomes. 
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CONCLUSION 
Lack of adherence with one or more aspects of the dialysis treatment is a major health 
concern that can lead to increased risk of mortality and morbidity, and decreased pa-
tient quality of life. Dietitians can play an important role in the dialysis centres, espe-
cially when they are certified and/or licensed by an accredited programme that trains 
dietitians on providing patients with appropriate medical nutrition therapy and em-
powering them to participate in health-related decision making processes (Epping-
Jordan et al., 2004). 
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ABSTRACT 
In Lebanon, HD units are exclusively hospital based, and most hospitals have only one 
dietitian performing all nutrition related activities in the hospital. This study investigat-
ed current dietetic practices and their conformity with Kidney Disease Quality Out-
comes Initiative (KDOQI) nutrition guidelines in HD units, Lebanon. National cross-
sectional survey, using an anonymous 36 item, self-administered questionnaire, col-
lected from all dietary departments of hospital based HD units in Lebanon (n=55). The 
questionnaire included: 1) demographics and professional characteristics; 2) knowledge 
of KDOQI nutrition guidelines; 3) level of implementation of KDOQI guidelines in as-
sessing and estimating nutritional needs. Descriptive statistics was used. The response 
rate was 71%, 97% were female, 82% were within the age of 21-34, 67% were full tim-
ers in the hospitals and 85% worked ≤10 hours per week in HD units. Minimum educa-
tional level was Bachelor of Science yet none had a specialty. Almost 50% had < five 
years experience in general clinical or renal practice setting. Half of the dietitians 
worked in hospitals where their clinical workload ranged from 100 to 200 patients, 
including HD patients. Overall, dietitian knowledge of KDOQI nutrition guidelines was 
35.45%±16.9%. Most dietitians (97%) implemented at least 1 guideline, and only 5% 
applied all guidelines. The study identified a low conformity with KDOQI guidelines 
among dietitians managing HD patients in Lebanon. HD units in Lebanon can possibly 
improve their patients’ outcomes by providing dietitians with sufficient time, 
knowledge, empowerment and training based on the KDOQI nutrition guidelines.  
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INTRODUCTION  
Chronic kidney disease (CKD) has emerged as a public health problem worldwide. In 
Lebanon, a continued increase in the prevalence of hemodialysis (HD) patients among 
the Lebanese population has been observed by the National Kidney Registry 
(www.kidneyregistrylb.com). Preliminary unpublished registry data of March 2012 
indicate the presence of over 3000 HD patients in 60 hospital based dialysis centers in 
Lebanon, compared to an estimated 2600 cases in 55 centers in 2010 (Mallat et al., 
2011). Renal dietitians are essential specialized members of the healthcare team, re-
sponsible for providing adequate nutrition care process and monitoring of HD patients 
(Thelen et al., 2009). Full implementation of evidence based guidelines (EBG) for CKD 
by dietitians and adequate dietitian- to- CKD patient time has shown to effectively de-
crease patient hospitalization, mortality and thus health care cost (Wolfe, 2012; Camp-
bell et al., 2009). Two hours per month was identified as the adequate dietitian-to- CKD 
patient time (EAL, 2010). Barriers to full implementation of EBG for CKD have been 
recognized to be mainly: lack of specialized dietitians in renal care (Beto & Bansal, 
2004), lack of time and lack of the support system by the health care organizations 
(Wolfe, 2012). As a result, dietitians of various backgrounds are filling the increasing 
need for specialized nutrition professionals in HD centers.  
 Renal dietitians utilize a number of professionally recognized resources to assess 
and provide care to HD patients (Vergili & Wolf, 2010). The most professionally recog-
nized guideline is the Kidney Disease Quality Outcomes Initiative (KDOQI), developed by 
the National Kidney Foundation (NKF-KDOQI; 2000). However, Thelen et al. (2009) 
stated that the implementation of these guidelines by renal dietitians has been proven 
to be difficult, due to the unclear scope of practice for renal dietitians, the insufficient 
education and training given and the lack of clear standards of practice to follow.  
 The extent of implementation of EBG-s in dietetic care of HD patients is not clear 
worldwide. A 2001 survey of renal dietitians in the US found significant nationwide 
variability in the reference norms used for laboratory values and medications pre-
scribed in the management of hyperphosphatemia among HD patients in addition to 
variations in patient education patterns which was related to dietitian workload (Martin 
& Reams, 2003). Another nationwide survey in the US described dietitians’ practices in 
terms of KDOQI nutritional guidelines and indicated that only 5% implemented all of 
the guidelines (Burrowes et al., 2005). Vergili & Wolf (2010) queried 688 dietitians re-
garding a broad range of nutrition practices, such as energy requirements, metabolic 
parameters among others for management of patients on maintenance HD therapy. 
They found that the dietitians follow different standards of practice and few implement 
KDOQI. 
 HD units in Lebanon are exclusively hospital based. Hospitals employ all-purpose 
dietitian(s) to conduct food service, administrative, internship and clinical tasks includ-
ing the care of HD unit patients. No data in the literature exists on the dietetic practices 
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provided by dietitians in these hospital based HD units. This study, through a cross 
sectional nationwide survey, aimed to explore the knowledge of dietitians responsible 
for managing HD patients in Lebanon and to assess the conformity of their practice 
with KDOQI nutrition guidelines ( NKF-KDQOI, 2000), the “Practice-to-EBG gap”.  
MATERIALS AND METHODS 
Study Design 
National cross-sectional survey on dietary departments in hospitals, using an anony-
mous self-administered questionnaire.  
Setting: 
All hospital based HD units (n=55) in Lebanon as per the 2010 MOPH database. 
Survey Design and Analysis: 
A validated 36 item questionnaire was adapted from Vergili & Wolf (2010) and modified 
with minor changes for cultural specificity. The questionnaire was not translated, since 
all dietitians in Lebanon can read and write in English. The draft of the modified ques-
tionnaire was evaluated by the author before finalization. The draft was piloted on 
three Lebanese dietitians involved with HD patients’ dietary care. Feedback from the 
pilot was incorporated to produce the final working version.  
 The questionnaire included three sections to assess: 1) dietitians’ demographics 
and professional characteristics (gender, age, years of clinical experience, years of renal 
dietetic experience, patient load, number of hours at work, credentials, etc); 2) 
knowledge and compliance to KDOQI nutrition and diabetes guidelines during routine 
practice (body weight for nutrient calculation, fluid need, sodium, phosphorus, potassi-
um restrictions, energy needs, glucose, bicarbonate and vitamin supplementations) 
where the possible answers choices were listed; and 3) compliance to using patient 
parameters used for dietary assessment of HD patients conforming to KDOQI nutrition 
guidelines at every relevant occasion, whether it was the first time or a follow up. 
 All questions were closed-ended with multiple categories where answers were 
either at nominal or interval level. To identify strength and weaknesses among the 
Lebanese dietetic practices in HD units the following computations were done : 1) 
Knowledge of the nutritional guidelines was measured by the following formula: [(total 
score of each dietitian on knowledge questions * 100)/ total score of correct answers]; 
where each question was given a 1 or 0 score indicating correct or wrong answers re-
spectively. The average overall knowledge score was computed and 60 % cut-off point 
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was used to define success (this cut off point was inspired from academia where it’s 
used to indicate the minimum score for success. 2) The percentage of guidelines im-
plemented by each dietitian was calculated. 3) The percentage of dietitians implement-
ing each guideline was computed (% of Implementation); relevant guidelines were 
grouped into subgroups and a subgroup score was calculated from the average score of 
its components (e.g., all guidelines related to management of kalemia were grouped 
into the “Potassium” subgroup), and finally the scores of subgroups were arranged in a 
descending order. This calculation was also conducted for KDOQI nutritional assess-
ment parameters.  
Implementation of Survey: 
Due to lack of a registry for dietitians in Lebanon, the Ministry of Public Health (MOPH) 
oversaw the distribution of the survey to the head nephrologist of each HD unit (n=55) 
for data collection. Two letters accompanied the survey. The first letter was directed to 
the nephrologist asking to refer the survey to the dietitian and send it back to the 
MOPH within a month of receiving it. The second letter was directed to the dietitian 
explaining the study and requesting that the survey be completed by the dietitian re-
sponsible for the MNT of HD patients. If the hospital dietitian was not responsible for 
the HD patients, they were asked to return the questionnaire with a “not responsible” 
note. The survey was anonymous for dietitians’ names but the hospital’s name was 
evident. Hospitals that failed to respond within the specified time frame, received the 
survey for a second time, but this time it was sent directly to the dietary department in 
the hospital. After completion of each questionnaire, a certificate of participation to the 
study was provided to the dietitians by the MOPH. The whole process of sending and 
receiving the survey took place between January 2011 and March 2012. Due to lack of a 
central ethical board, each participating hospital approved through their institutional 
review board (IRB).  
Statistical Analysis: 
All statistical analyses were conducted using the Statistical Package for the Social Sci-
ences (SPSS) (version 16.0.2, 2008, IBM inc., Armonk, New York, United States). De-
scriptive analysis was conducted, categorical data were reported as frequencies and 
percentage counts; continuous data as means ± standard deviation.  
RESULTS  
Fifty five dietitians were contacted, 43 (78%) responded, four (7%) of whom stated “not 
responsible for HD patients”. Final sample size consisted of 39 dietitians (71%). 
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Description of sample: All respondents were female with the exception of one male, 
82% were within the age of 21-34 years, 60% worked in hospitals outside metropolitan 
Beirut, 67% were full timers (≥36 hours/week) and only 7% were trained in a dietetic 
specialty. None of the dietitians was certified for renal nutrition, since such a program 
and certificate does not exist in the country. The minimum educational level of all dieti-
tians was bachelor in science and license to practice (Licensed dietitian – LD) as per 
national standards. The vast majority (80%) of the dietitians reported to have prepared 
their patient educational material either alone or with a multidisciplinary team. Almost 
half had worked in their current job for a maximum of two years, had up to only five 
years experience in clinical practice and up to two years in renal practice. Almost half of 
the dietitians worked in institutions where their clinical workload covered 50 – 100 
inpatients and between 50 - 100 HD patients (Table 1). The majority (85%) worked 10 
hours or less per week in the HD unit. The rest of the working hours were distributed 
over administrative and food service tasks in addition to counseling other inpatients 
and outpatients (Table 2).  
 
Table 1. Study Dietitian Characteristics from Various HD units in Lebanon 
 n (%) 
Gender :F 38 (97.4) 
Age 
 21- 34 32 (82.1) 
 35 – 44 6(15.4) 
 45 – 54 1(2.6) 
Hospital Location : Rural 23 (59) 
Credentials 
 Licensed Dietitians (LD) 27 (61.4) 
 LD + Master's of Science 13 (29.5) 
 Registered Dietitian (RD) 1 (2.3) 
 RD + Master's of Science 3 (6.8) 
Specialty in dietetics: Yes 3 (6.8) 
Years on Current Job 
 0 – 2 18 (46.2) 
 3 - 5  9 (23.1) 
 6 – 10 7 (17.9) 
 11 – 20 5(12.9) 
Years of clinical practice General Clinical Renal practice 
 0 – 2 10 (25.6)  17 (43.5) 
 3 – 5  15 (38.5)  12 (30.7) 
 6 – 10 8 (20.5)  6 (15.4) 
 11 – 20 6 (15.4) 4(10.3) 
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FTE: full time equivalent 
 
Table 2. Workload: Distribution of Dietitians by number of hours spent per task 
Hours spent 
/week 
Clinical 
Wards 
HD Unit Administrative 
tasks 
Food 
service 
Community 
nutrition 
Out -patient 
Clinic 
Research 
 n (%) n (%) n (%) n (%) n (%) n (%) n (%) 
1-10 3 (8) 33 (85) 19 (50) 18 (46) 7 (18) 17 (44) 7 (18) 
11 – 20 3(8) 5 (12) 11 (28) 13 (33) 3 (8) 6 (15) 1 (3) 
21 – 35 - 1 (3) 9 (22) 3 (8) - - - 
>35 - - - 1 (3) - - - 
Sum of percentages may be less than 100%, there are tasks that some dietitians don’t practice at all and the 
list may not be exhaustive. 
Description of Nutrition Practices 
Overall dietitian knowledge score showed a mean of 35.45%±16. Figure 1, shows that 
97% of study participants implemented at least one KDOQI guideline for estimating 
nutritional needs in routine practice, 64%, 36% and 23% used five, 10 and 15 guidelines 
respectively, and 5% applied all guidelines. Barriers identified were lack of time and lack 
of integration into the medical team.  
  
Dietitians-to-patient load as per capacity In-patient HD unit 
 1: < 50 4(10.8) 20 (52.6) 
 1: 51 – 100 15 (40.6) 15 (39.5) 
 1:101 – 149 9 (24.3) 1 ( 2.6) 
 1: 150 and more 9(24.3) 2 (5.3) 
 n (%) 
Working hours by Hospital Dietitians 
 11 – 20 ≈ ½ FTE 5 (12.8) 
 21 – 35 ≈ ¾ FTE 8 (20) 
 ≥36 – 42 = 1 FTE 26 (66.7) 
Source of patient education material used 
 International association  4 (10.3) 
  Dietitian prepared it with colleagues 32 (79.2) 
 No tool 3 (7.6) 
C H A P T E R  3  
 38
Figure 1: Percentage of KDOQI guidelines for nutrition need estimation implemented by dietitians in HD units
in Lebanon 
 
Percent implementation of KDOQI guidelines for estimating patient nutritional needs showed (Table 3) that
implementation of potassium related guidelines was the highest (59%) and acid base balance management in 
routine practice was the lowest (10%). 
 
Moreover, the % implementation of KDOQI patient assessment parameters showed 
(Table 4) that creatinin and potassium were used by most dietitians (82%) in routine HD 
patient assessment and CRP was used the least (21%). 
 Reasons why certain blood tests were not taken into consideration during assess-
ment (not shown in this paper), were reported to be either lack of availability of blood 
tests on routine basis or the limited access of dietitians to these blood tests or lack of 
time.  
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Table 3. Percentage Implementation of KDOQI Guidelines for Assessment of Nutritional Needs of HD Patients 
among Dietitians in Lebanon. 
Item Subgroups of Guidelines 
  
n (%)  
Implementers 
of each  
guideline 
n (%)  
Implementers 
of each  
group 
Potassium  
(K) 
Upper limit of K (5.5 meq/L) 27 (69) 23 (59) 
K daily needs for HD patients (30 - 50mg/kg of SBW/d or 2-
3g/d) 
19 (48) 
Phosphorus  
(P) 
Upper limit of P (5.5 mg/dl) 20 (51) 18 (45) 
Upper limit of Ca*P byproduct (55mg/dl) 19 (49) 
Dietary P daily needs:  
<17mg/d or 800 – 1000mg/d 
P/protein ratio 10 - 12
11 (28) 
Energy (E) E for normal weight (30-35kcal/kg/d) 20 (51) 15 (38) 
E for underweight (40 - 45kcal/kg/d) 14 (36) 
E for overweight (20 - 25kcal/kg/d) 11 (28) 
Weight used  
for nutrient 
calculations 
aBWef used for protein calculation for overweight (Yes) 30 (77) 11 (28) 
Degree of overweight the patient should be so to use 
aBWef (>115% of IBW or SBW) 
12 (31) 
Formula to use for aBWef for the underweight (KQODI 
formula) 
11 (28) 
Formula to use for aBWef for the overweight (KQODI 
formula) 
10 (26) 
Weight to use for under-weight if not aBWef (IBW or SBW) 9 (23) 
Degree of underweight the patient should be so to use 
aBWef (<95% of IBW or SBW) 
 
8 (21) 
Formula for edema free Weight (sodium equation) 8 (21) 
Determine healthy (IBW or SBW) 6 (15) 
Weight to use for over-weight HD patients if not aBWef 
(IBW / SBW) 
4 (10) 
Diabetes Random Blood Glucose target (< or equal 180mg/dl) 7 (18) 11 (27) 
Goal % of Hba1C (< or equal to 6.5%) 14 (36) 
Fluid Inter-dialytic weight gain (up to 4% of dry weight) 7 (18) 5 (12) 
Fluid recommendation (1000ml + urine output) 2 (5) 
Acid Base Goal of bicarbonate (> or equal to 22meq/L) 4 (10) 4 (10) 
KDOQI formula: aBWef (edema-free adjusted body weight) = edema free BW + [(SBW – edema BW) x 0.25]  
Sodium Formula: 142mEq/L * Normal Total Body Water (L)/ Pre Dialysis Serum sodium (mEq/L) 
HbA1c: glycated haemoglobin, IBW: ideal body weight, SBW: Standard Body Weight, d:day 
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Table 4. Percentage Implementation of KDOQI guidelines of Assessing HD patients in Routine Dietetic Practic-
es 
    % (n) Implementers % (n) Implementers of each
Creatinin Cr 32 (82) 32 (82) 
Potassium K 32 (82) 32 (82) 
Dyslipidemia Lipid profile 31 (79) 31 (79) 
Fluid Sodium (Na) 30 (77) 24 (62) 
Fluid 23 (59) 
Interdialytic Weight Gain (IDWG) 20 (51) 
Diabetes HbA1c 24 (62) 24 (62) 
Nutritional Status  Body Mass Index (BMI) 28 (72) 20 (50) 
Albumin (Alb) 27 (69) 
Malnutrition 22 (56) 
SubjecƟve Global Assessment (SGA)† 13 (33) 
Pre-albumin 8 (21) 
Quality of Life  Quality of Life (QOL) 19 (49) 19 (49) 
Osteodystrophy Phosphorus 25 (64) 14 (37) 
Vitamin D (Vit D) 12 (31) 
Phosphate Binders 11 (28) 
Parathyroid Hormone (PTH) 9 (23) 
Anemia Iron (Fe) 15 (38) 15 (38) 
Acid Base  Bicarbonate 14 (36) 14 (36) 
Inflammation C-Reactive Protein (CRP) 8 (21) 8 (21) 
†SGA: malnutriƟon assessment tool with subjecƟve observaƟons 
Sum of percentages exceeds 100%, because respondents may have chosen more than one response. 
DISCUSSION  
This study is the first to address practice patterns and knowledge of KDOQI nutrition 
guidelines in the management of HD patients by dietitians in Lebanon. A high response 
rate (71%) was received, thus the sample was representative. Results show that the 
dietitians responsible for management of HD patients were quite young in Lebanon 
compared to >45 years of age reported in the literature (Vergili & Wolf, 2010; Burrowes 
et al., 2005). Also the majority had very few years of experience either in general clini-
cal or in renal care compared to >10 years reported in the literature (Vergili & Wolf, 
2010; Burrowes et al., 2005). Moreover, almost 50% of the dietitians had been in their 
current job for up to two years only, which may be due the young nature of the profes-
sion emerging to the medical health care in the country, empowered by the national 
hospital accreditation standards in 2001. One could speculate that the above described 
situation might be a result of high turnover due to work overload, exhaustion and thus 
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job dissatisfaction; a scenario very similar to the one described in the literature (Wolfe, 
2012). 
 The study did not determine a dietitian-to-CKD patient ratio, since the care of HD 
patients generally constituted a small portion of the responsibility of the hospital dieti-
tian. In most hospitals in Lebanon, dietitians are mainly responsible for the foodservice 
aspects of the institution and consulted upon need to see patients. For these reasons, it 
was not possible to conduct a comparison with the established dietitians-to-CKD pa-
tient ratio of 1:100 – 150 in HD units published in the literature (Vergili & Wolf, 2010; 
Burrowes et al., 2005); but surely current study data show that the participants are 
overloaded.  
 Even though the surveyed dietitians seemed to have adequate university education 
in general dietetics, when it came to knowledge and competencies in care of renal 
patients they had a low overall score. This can be explained by the lack of advanced 
trainings for dietitians to specialize in renal dietetic care as part of their general intern-
ship. A certifying body for such specialization is non-existent in the country.  
 An evaluation of study participants’ implementation level of KDOQI nutrition guide-
lines for estimating nutritional needs compared to that of the literature showed that 
97% applied at least one guideline compared to that of earlier US reports of 91% (Bur-
rowes et al., 2005), 64% and 36% used five and 10 guidelines respectively compared to 
somewhat higher numbers of 72% and 55% in Burrowes et al. (2005). Five percent ap-
plied all guidelines, similar to the number reported by Burrowes et al. (2005). This may 
indicate that in face of all the limitations imposed on Lebanese hospital dietitians, they 
are still trying to update themselves with their own resources and in their own time. 
 Barriers to compliance in the study sample were identified as lack of time, lack of 
integration in the health care system and lack of support from the physician (data from 
unpublished results of the current survey). Participants reported that the lack of ready-
made culturally sensitive patient educational material in Arabic adds to the burden of 
following KDOQI standards in routine nutrition care process of HD patients, in the midst 
of overwhelming responsibilities in the hospital. This has been reported before in the 
literature. Wolfe (2011, p:170) stated “even the most qualified and organized dietitian 
will be unable to provide quality nutrition care to dialysis patients when the time allot-
ment is inadequate or patient load is too great”. Literature emphasized the need of 
organization wide supporting policies and resources for the improvement of health care 
professionals’ practice standards and thus clinical patient outcome. (Epping-Jordan et 
al., 2004; Wolfe, 2012).  
 In conclusion, dietetic services in HD units in Lebanon are lagging behind although 
professionals involved do their very best. Hospitals that operate a HD unit do not seem 
to equip their dietitians with sufficient time, training, or empowerment to follow 
KDOQI standards of care in the management of HD patients. The supply of dietetic 
services and demand of renal patients is not in balance; due to the lack of specialized 
renal dietitians in the face of the ever-rising numbers of renal failure and HD patients in 
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Lebanon. The MOPH is encouraged to promote the integration of renal dietitians as a 
core member of the health care team for the optimal cost effective management of HD 
patients in Lebanon. This can be done by: the following steps: 1) hospitals provide spe-
cialized training to hospital dietitians on KDOQI standards, 2) reinforce their implemen-
tation, 3) continuously audit and assess compliance to KDOQI nutrition guidelines in 
routine practice, 4) allocate extra time for management of HD patients either by de-
creasing responsibilities of already existing dietitians or recruiting new ones to be fully 
dedicated to the HD unit and finally 5) consider renal dietitians as key health care pro-
fessionals in the management of HD patients.  
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ABSTRACT  
Strategies to enhance knowledge and adherence to dietary management of hyper-
phosphatemia among hemodialysis (HD) patients, has been vastly studied in the last 
decade. However, this review is the first to compile all of them (2003-2013) and con-
duct a meta-analysis through effect size calculation, with the aim of identifying the 
optimal methods needed for an effective nutritional education management of hyper-
phosphatemia among HD patients. The identified strategies were: 1) use of self-
evaluation and self-regulation techniques within the educational tools with easy to 
apply skills; 2) use of individualized counseling by a renal dietitian provided just before 
the HD session; 3) high intensity of education; 4) long duration of interventions. Future 
studies should focus on conducting randomized controlled trials with powered samples 
to help generate stronger evidence.  
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INTRODUCTION 
Hyperphosphatemia is the leading cause of mineral bone disorder in chronic kidney 
disease (Martin & Gonzalez, 2011) and cardiovascular mortality risk among hemodialy-
sis (HD) patients (Danese et al., 2008; Tentori et al., 2008; Floege et al., 2011; Petrovic 
et al., 2012). Achieving optimal serum phosphorus (P) through P restricted diets (800-
1000 mg/day) remains the cornerstone of treating chronic kidney disease- mineral 
bone disorder (K/DOQI, 2003; KDIGO, 2009): yet adhering to these levels has been 
reported by HD patients to be the most complicated among all dietary restrictions 
(Denhaerynck et al., 2007; Kugler et al., 2011). 
 Research about effective strategies to achieve optimal dietary adherence to p re-
stricted diet among hd patients is explored in numerous articles in the last decade and 
many have published evidence based guidelines. k/doqi (2003) and kdigo (2009) rec-
ommend providing patients with consistent and frequent dietary consultations by ex-
perts coupled with regular follow-ups (fu) in the context of an education program. 
moreover, 2 hours per patient per month for 12 months has been shown to be effective 
dietitian-to-renal patient consultation time to achieve adherence (eal, 2010). however, 
none of the guidelines prescribed explained the educational strategies needed to 
achieve optimal adherence. 
 The objective of this review is to examine published nutritional educational inter-
ventions that enhance HD patient’s knowledge and adherence to dietary instructions 
related to dietary P restrictions; in the aim of improving serum P levels.  
METHODS  
Search Methodology 
The search methodology for this paper was developed to retrieve educational dietary 
interventions focusing on hyperphosphatemia (chronic kidney disease- mineral bone 
disorder) management among HD patients. 
 A search was conducted using the Pubmed, Medline and Embase databases on 
June 23, 2013. Only articles published in the past 10 years were included, thus search-
ing for the most recent findings in this topic. The search strategy included selected 
Medical Subject Heading terms and keywords. The search used the following terms: 
Phosphates/blood, Phosphorous/blood, Counseling, Education, Intervention, Diet, Nu-
trition, and Hemodialysis. The following keywords were also used: Phosphate, Phos-
phorous, Osteodystrophy, Counsel*, Educat*, Intervention, Diet*, and Renal Dialysis*, 
whereby asterisk (*) indicated that the word before it will be searched in all its ver-
sions. The search string used is found in the Appendix 1. 
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The search was run using different Boolean operators (AND, OR) and a total of 106 
articles were retrieved from Pubmed, 81 articles from Medline, and 53 articles from 
Embase. Two more articles were identified through reference lists of retrieved articles. 
This resulted in 138 unique references out of which 18 were included in the analysis 
(Figure 1). 
 
Figure 1: Flow diagram of study selection. 
 
 
Abstract evaluations were carried out for all articles by 2 reviewers following the same 
criteria for article selection, including: (1) HD as the stage of renal disease among par-
ticipants, (2) serum P as primary outcome, (3) focused on serum P management, (4) 
with an educational component, (5) including any kind of educational or counseling 
intervention related to diet for the interventional group, (6) age of patients ≥ 18 years, 
(7) comparators that were passive (standard practice) or active or studies that had no 
comparator. 
 Data extraction included sample size, study design, educational techniques and 
results extracted. This was conducted by two reviewers, separately, and unified 
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through discussion. Moreover, serum P was chosen as the main indicator of achieved 
dietary adherence to be extracted for this review, since it is the key outcome measure 
in managing hyperphoshatemia and osteodystrophy among HD patients as per KDIGO 
(2009) guidelines. 
Data Analysis 
To enable comparison, all serum P values were converted to mg/dL (conversion ratio: 1 
mmol/L = 3.095 mg/dL) (Shils & Shike, 2006) thus showing the results of all of the re-
viewed studies in the international system of units. Effect size (ES) for each study was 
calculated to evaluate the effectiveness of the deployed strategy. ES calculation was 
done based on Thalheimer & Cook (2003), where relative size of Cohen's d was defined 
according to 4 levels: d of less than 0.2 as negligible effect, over 0.2 as small, over 0.5 as 
medium, and over 0.8 as large; studies were sorted in descending order of ES in Table 
1. 
RESULTS 
Based on the-above mentioned criteria, 27 articles were selected from the 138 re-
viewed; of which 9 were excluded based on full-text assessment. As such, 18 studies 
with a structured educational intervention met the inclusion criteria (Table 1). 
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Table 1. Main characteristics of reviewed articles (in descending order of ES, the dark line separates the 
articles with no ES, the order is descending in years). 
Author Sample Design Educational technique Results 
Ashurst and 
Dobbie (2003) 
I (n=29), 
C(n=29) both 
hyper-
phosphatemics 
Age: 
I (54.2: range 
22- 77),  
C: (53 : range 
23 - 88) 
Gender: 
I: 66% M  
C:56% M 
RCT  
Intervention: 1 time; 40-
minute individualized 
education by renal dietitian
FU: at 12th week post-
intervention 
Setting: 1 HD unit (educa-
tion just before HD ses-
sion) 
I: education aimed to empower 
patients to get involved in their 
health care, using educational color-
ful booklet with cartoon models 
explaining importance of lifestyle 
change and health, dietary re-
striction, medication and relevant 
blood tests, plus a medication record 
chart and a refrigerator magnet 
(used as a reminder). 
C: provided with medication record 
chart only.  
Theory: none 
• I: ↓ sig. [P]:  
Pre : 6.07 ± 0.01  
Post: 4.96 ± 0.12 
mg/dL 
• C: ↓ NS [P]:  
Pre : 6.13 ±0.15 
Post: 5.92 ± 0.12 
mg/dL 
(data extracted 
from graph) 
Results sustained 
over 3 months 
Ford et al. 
(2004) 
I (n=32), 
C(n=31) both 
hyper-
phosphatemics 
Age: range  
18-76+ 
Gender: 
I: 34.37% M 
C:41.93% M 
Quasi-experimental  
Intervention: 24 weeks; 
monthly 20 to 30-minute 
individualized education by 
research renal dietitian 
FU: no 
Setting: 3 HD units (educa-
tion during HD session) 
I: education aimed to empower 
patients for self-evaluation and self-
regulation, to control dietary P 
(prevention of renal bone disease; 
high P foods; medications), using 
educational posters, handouts, 
puzzles, and an individualized P 
tracking tool and laboratory results 
review. Dietitians demonstrated 
renal meals preparation. 
C: routine care including laboratory 
results review with the same dieti-
tian. 
Theory: none
• I: ↓ sig. [P]: 
Pre : 6.8±0.72  
Post: 5.2±1.2 
mg/dL 
• C: ↓ NS [P]:  
Pre : 7.2±1.3  
Post: 6.7±1.7 
mg/dL 
Karavetian 
and Ghaddar 
(2012) 
I (n= 41),  
C (n=40) 
Age ±SD:  
I (50.36 ± 2.84), 
C (59.63 ± 2.89) 
Gender: 48.5% 
M 
Cluster RCT  
Intervention: 8 weeks; 2 
weekly individual 20-
minutes educational ses-
sions by research renal 
dietitian 
FU: no 
Setting: 1 HD unit (ses-
sions) 
I: individualized counseling, interac-
tive educational games and discus-
sion, in addition to individual labora-
tory results review and relevant 
nutritional counseling if required. All 
education was summarized into 
handouts and given to patients in 
addition to posters of high and low P 
food items posted in the HD waiting 
room , and small booklets of high P 
food items and their low P alterna-
tives. 
C: no nutritional intervention. 
Theory: self-management dietary 
counseling positive reinforcement 
(self-regulatory theory)
• I: ↓ sig [P]:  
Pre :6.55 ± 1.89  
Post: 5.39 ± 1.97 
mg/dL 
• C: ↑ NS [P]:  
Pre: 6.16 ± 1.34  
Post: 6.51 ± 1.36 
mg/dL 
 
Shi et al. 
(2013) 
I (n=40),  
C (n=40)  
both hyper-
phosphatemics 
RCT 
Intervention: 24 weeks 20-
30 minutes, 2-3 times a 
week of nurse-led inten-
I: use of educational booklet, dia-
logue with participants or their 
relatives who were invited to the 
session and 1 PowerPoint lecture 
• I: ↓ sig. [P]:  
Pre :6.66 ±1.17  
Post: 5.51±1.20 
mg/dL 
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Author Sample Design Educational technique Results 
Age ± SD: 
I :54.75±11.86 
C: 51.85±13.51 
Gender:  
I: 52.5% M 
C: 57.5% M 
sive individualized educa-
tion by trained and experi-
enced nephrology nurse 
FU: No 
Setting: 2 hospital-based 
HD units 
(including colorful pictures of high-P 
foods) about general P knowledge 
and P binders, method to maintain P 
balance. 
C: standard medical and social care, 
but no educational materials. 
Theory: none
• C: ↓ NS [P]: 
Pre : 6.51±1.45  
Post: 6.38±1.48 
mg/dL 
Yokum et al. 
(2008) 
I (n=17), C 
(n=17) 
both hyper-
phosphatemics 
Age ±SD: 
I (51.1 ± 12.7),  
C: (47.6 ±14.4) 
Gender: 
I: 55% M ; 
C:60%M
RCT  
Intervention: 16 weeks; 
monthly individualized 
consultations by research 
renal pharmacist and 
dietitian 
FU: no 
Setting: HD and satellite 
units (education during HD 
session) 
I: management according to a de-
fined P management protocol deci-
sion tree.  
C: patients managed without a 
decision tree, educated only by the 
dietitian.  
Theory: none 
• I: ↓ NS. [P]:  
Pre :6.29±0.86  
Post: 5.61±1.67 
mg/dL 
• C: ↑ sig. [P]:  
Pre :5.82±0.99  
Post: 6.41±0.77 
mg/dL 
Lou et al. 
(2012) 
I (n= 41),  
C (n=39)  
both hyper-
phosphatemics  
Age:  
I (61.3 ± 15),  
C (63 ± 16) 
Gender: 52.5 % 
M 
Cluster RCT  
Intervention: 24 weeks;  
Initial individualized dietary 
counseling, followed by 
monthly reinforcement 
sessions (30 minutes) by 
registered dietitian 
FU: no 
Setting: 5 HD units
I: instructions on low P and 
P/protein ratio menus adapted to 
the patients’ dialysis shift and to 
Mediterranean diet characteristics 
with indications about the quantities 
of food and preparation methods. 
C: received usual dietary recom-
mendations. 
Theory: none
• I: ↓ sig.[P] :  
Pre :7.1 ± 1.5  
Post: 5.5± 1.4 
mg/dL 
• C: ↓ NS [P]:  
Pre :6.8 ± 0.8  
Post: 6.2 ± 1.3 
mg/dL 
de Araujo et 
al. (2010) 
I (n=16), 
C(n=17) both 
hyper-
phosphatemics 
  
Age: 52.5±14.2 
  
Gender: 
I: 62.50% M  
C:47.05% M 
RCT 
Intervention: 6 times, 30-
minute group education 
(type of educator & inter-
vention duration : unclear)
  
FU: 13 weeks  
  
Setting: 2 HD units (educa-
tion immediately before 
HD session) 
I: education on avoiding food rich in 
P, the correct use of binders, the 
importance of biochemical parame-
ters and manifestations of bone 
diseases using visual educational 
tools (images, drawings . . . ), ana-
tomic models and simulator manne-
quins. 
C: information on vascular access, 
types of catheters and arteriovenous 
graft. 
Theory: none
• I: ↓ sig. [P]: 
Pre: 7.3 ± 0.8 
Post: 6.5 ± 1.5 
mg/dL 
• C: ↓ sig. [P]: 
Pre: 7.4 ± 1.9 
Post: 6.9 ± 1.3 
mg/dL 
Sullivan et al. 
(2009) 
I (n=145), C 
(n=134) both 
hyper-
phosphatemics 
Age: 
I : (54±13),  
C: (52±13) 
Gender: 
I: 57% % M  
C:66% M 
RCT  
Intervention: 8 weeks; a 
30-minute one time indi-
vidualized education and a 
reinforcement session by 
telephone at FU by study 
coordinator (dietitian) 
FU: at 4th week post 
intervention 
Setting: 14 HD units (edu-
cation during HD session)
I : Teaching patients to read food 
labels. Use of handouts on avoiding 
foods with P additives and conse-
quences for health. Patients were 
provided with the menus of the 
restaurants they usually go to and 
the high and low P meals were 
marked to help patients chose them. 
Reinforcement session conducted 
via telephone. Material was pre-
pared by dietitians. 
• I: ↓ sig. [P]:  
Pre : 7.2±1.2  
Post: 6.2±1.7 
mg/dL  
• C: ↓ sig. [P]: 
Pre : 7.1± 1.00 
Post: 6.7±1.9 
mg/dL 
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C: study coordinator telephoned 
patients at FU and inquired on how 
often they read nutrition facts 
labels, eat at fast-food restaurants, 
and receive P related recommenda-
tions from their facility dietitian, 
without giving them education or 
feedback. 
Theory: none
Morey et al. 
(2008) 
I (n=34), C 
(n=33) both 
hyper-
phosphatemics 
Age ±SD  
I : (60.4±15.6), 
C:(54.9±15.9) 
Gender: 
I: 73.5% M  
C:52.5% M 
RCT 
Intervention:  
24 weeks; individualized 
monthly education by 
study dietitian 
FU: at 24th week post 
intervention  
Setting: N/A (education 
during HD session) 
I: advanced dietetic verbal and 
written counseling aiming at limiting 
dietary P and improving compliance 
with P binders.  
C: standard care with in service 
dietetic consultations at baseline 
and month 6. 
Theory: motivational counseling, 
negotiation, behavior modification 
therapy, reminders, reinforcement, 
supportive care 
 
• I: ↓ NS [P] 
Pre: 6.35±1.48  
Post: 5.89±1.33 
mg/dL 
• C: ↓ NS [P] 
Pre: 6.94±1. 
Post: 6.2±1.55 
mg/dL 
Data derived from 
graph. 
Baraz et al. 
(2010) 
Io (n=32), 
Iv (n=31)  
Io & Iv  
Age ±SD: 
38.5±9.5 
Io & Iv 
Gender: 52.4% 
M  
Randomized trial- no 
control  
Intervention: 2 times; 30-
minute education by 
expert renal nurse 
FU: at 8th week post 
intervention 
Setting: 3 HD units 
Io: didactic and interactive oral group 
sessions the day after HD session. A 
teaching booklet was also provided.
Iv: individual video education during 
HD sessions. 
Both educations included infor-
mation on dietary management, 
restricted/non-restricted foods, 
reasons for compliance and possible 
consequences of non-compliance. 
Theory: none
• Io: ↓ sig. [P]:  
Pre: 6.16 ±1.52  
Post: 5.02 ±0.9 
mg/dL 
• Iv: ↓ sig. [P]:  
Pre:6.25 ± 1.47  
Post: 5.16 ±1.21 
mg/dL 
Mayne et al. 
(2012) 
n= 702 
Age ±SD: 61±15 
Gender: 56% M 
Prospective, multi-center, 
single-arm trial- no control
Intervention: 24 weeks; a 1 
time individualized dietary 
education by renal dietitian 
and an individualized 
regular monitoring for [P] 
by facility staff. In addition 
to 5 different educational 
material mailed to the 
patient during the course 
of the study. 
FU: no 
Setting: 8 HD units
5 communications were mailed to 
patients on: portion size, following a 
renal diet at home and while eating 
out, function of different members 
of the renal care team, simple but 
specific ways for involving patients 
and caregivers with the patient’s 
care. In center education was on 
diet, P management, and adherence 
support for P binders. 
Theory: none 
↑ sig. percentage of 
patients achieving 
 
[P]<5.5mg/dL/facility: 
Pre : 61.6±5.2 % 
Post: 71.3±9.0%  
Reddy et al. n= 115 No control trial  Use of booklets written by a dietitian ↓ sig. [P]: only 
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(2009) Age: 61.1 
Gender: 54.8% 
M 
Intervention:  
Duration :unclear;  
group (n= 6-8) education 
by research dietitian 
FU: no 
Setting: 2 satellite HD units 
(education during HD 
session) 
and a local audio cassette on all 
relevant information.  
Theory: none 
among the hyper-
phosphatemics 
(n=30):  
Pre : 6.35±0.12  
Post: 5.95±0.24 
mg/dL 
Campbell et 
al. (2009) 
n= 65 
Age: 64.3±14.8 
Gender: 58% M 
Retrospective observation-
al study- no control  
2 year study: education at 
start of study and FU 
afterward, with reinforce-
ment upon need at least 
every 6 months via individ-
ualized structured nutri-
tional care by research 
renal dietitian, and FU on 
blood tests. 
Setting: 2 HD units
Systematic education regarding 
binder usage and general P man-
agement. Educational material used 
is not mentioned 
Theory: none 
↓ sig. [P]: 
Pre : 5.58±1.55  
Post: 4.56±1.55 
mg/dL 
Karamanidou 
et al. (2008) 
I (n=19), C 
(n=20)  
Age ±SD : 
I : (57.7 ± 
14.86),  
C: (59.2 ±16.92) 
Gender: 
I: 52.6% M  
C:50.0% M 
 RCT 
Intervention:  
1 time individual 
Specialty of educator: 
unclear 
FU: at 4th and 16th weeks 
post-intervention  
Setting: 3 satellite HD units
I: leaflet provided to improve pa-
tients' understanding of hyperphos-
phatemia, rationale for using P 
binders and their mode of action. 
Plus, a live demonstration on P 
binding in the stomach. 
C: received usual care 
Theory: self-regulatory theory 
• I: No Change for 
both groups in [P] 
Pre: 4.96±0.93  
Post: 4.96±1.24 
mg/dL 
• C: NS. [P]: 
Pre: 4.34±1.24  
Post: 4.34±1.55 
mg/dL 
Sun et al. 
(2008) 
n= 50 hyper-
phosphatemics 
Age ±SD: 
53.8±14.0 
Gender: 42% M 
Prospective self control 
study  
Intervention: individualized 
4 weeks; a 30-minute/ 
patient education by a 
single well-trained neph-
rology nurse 
Education was repeated 
until the patient passed 
post-education evaluation.
FU: at 12th week post 
intervention 
Setting: 1 HD unit
A program to improve basic 
knowledge of hyperphosphatemia, 
its complications, and diet control 
with a complete list of P content in 
daily foods, using a standard booklet 
with figures 
Theory: none 
↓ sig [P]  
Pre : 7.38±1.21  
Post: 6.68±1.97 
mg/dL 
 
Nisio et al. 
(2007) 
n= 147 
Age: 50.5±15.7 
Gender: 
57.82% M 
No control trial  
  
Intervention: 40-minute 
group education (6-9 
patients/group) by renal 
dietitians followed by 
educational games 1 week 
I: educational presentation using an 
illustrative booklet on the conse-
quences of hyperphosphataemia, 
foods high in P, the correct use of 
binders and measures for reduction 
of serum P and educational games. 
Theory: none
In total sample 
↓ sig. [P]: 
Pre: 5.5±1.6  
Post: 5.2±1.6 mg/dL 
  
In hyperphos-
phatemics: 
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after  
FU: unclear (5 months for 
intervention and FU) 
Setting: 1 HD unit 
(education during HD 
session) 
↓ sig. [P]: 
Pre: 6.9±1.2  
Post: 5.8±1.6 mg/dL 
Sevick et al. 
(2005) 
n= 5 
Age: range 63-
70 years 
Gender: 20% M 
Quasi-experimental single-
case  
Intervention: 16 weeks 
individualized education;  
1st 6 weeks: 2 ses-
sions/week by a 
nurse/information special-
ist;  
2nd 6 weeks: weekly 
sessions;  
final 4 weeks: biweekly 
sessions in addition to 1:1 
counseling by renal dieti-
tian when necessary 
FU: no 
Setting: 1 HD center (edu-
cation during HD sessions)
Intensive dietary self-monitoring 
using the Personal Digital Assistant- 
based 
program (BalanceLog); participants 
were also provided with a manual 
pertaining to the behavioral inter-
vention. In addition to intervention 
sessions using strategies based on 
self-efficacy and finally homework 
assignments that participants were 
asked to complete between inter-
vention contacts. 
Theory: social cognitive theory 
Serum P levels of all 
participants (hyper , 
normo and hypo-
phosphatemics) 
approached accepta-
ble levels (as per the 
graph) 
 
Cupisti et al. 
(2004) 
n=20 hyper-
phosphatemics  
Age ±SD: 
47.6±10.9 
Gender: 65% M 
Prospective interventional 
study- no control  
Intervention: 1 time; 
individualized counseling 
session by a research renal 
dietitian 
FU: 
at 8th wk post intervention
Setting: 1 HD unit (educa-
tion during HD session)
Education on low P/protein ratio 
foods and recipes, based on pa-
tient’s dietary habits and lifestyle. 
Information provided in printed 
materials. Advice given orally and 
summarized on a simple sheet at the 
end of the session.  
Theory: none 
↓ NS [P]  
Pre: 7.1±1.1  
Post: 6.6±1.6 mg/dL 
I- intervention, C- control, M- male, RCT- randomized controlled trial, FU- follow-up, HD- hemodialysis, sig- 
significant, NS- non significant, SD- standard deviation 
 
Except for Karamanidou et al.(2008), the rest of the studies achieved a reduction in 
serum P of which 13 had a significant improvement. The change varied from 0.3 mg/dL 
to 1.6 mg/dL (average: 1 mg/dL). Eight (Ashurst & Bobbie, 2003; Ford et al., 2004; Kara-
vetian & Ghaddar, 2013; Shi et al., 2013; Lou et al., 2012; Baraz et al., 2010; Campbell et 
al., 2009; Nisio et al., 2007) of the studies achieved the K/DOQI target level of ≤ 
5.5mg/dL serum P post intervention.  
 Nine of the studies were randomized controlled trials (RCT) (Karamanidou et al., 
2008; Ashurst & Dobbie, 2003; Karavetian & Ghaddar, 2013; Shi et al., 2013; Lou et al., 
2012; Morey et al., 2008; Sullivan et al., 2009; Yokum et al., 2008; de Araujo et al., 
2010), 2 were quasi-experimental (Ford et al., 2004; Sevick et al., 2005), 6 were inter-
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ventional studies without control (Baraz et al., 2010; Nisio et al., 2007; Sun et al., 2008; 
Mayne et al., 2012; Reddy et al., 2009; Cupisti et al., 2004) and 1 was a retrospective 
observational study without control (Campbell et al., 2009). 
 The average age of participants was 55 years (minimum: 18; maximum: 88). In 
most studies, there was roughly an equal distribution over gender groups, except in the 
following studies: males were 20% of participants in Sevick et al. (2005), 73% in Morey 
et al. (2008) and 35% in Ford et al. (2004). Ten (Ashurst & Dobbie, 2003; Ford et al., 
2004; Shi et al., 2013; Lou et al., 2012; Morey et al., 2008; Sullivan et al., 2009; Yokum 
et al., 2008; de Araujo et al., 2010; Sun et al., 2008; Cupisti et al., 2004) of the studies 
included only hyperphosphatemics in their sample; as for the rest, the sample was 
randomly chosen form all patients found in the HD unit. Most studies had a small sam-
ple size, ranging from 17 to 45 patients per group; except for Sullivan et al. (2009) with 
a sample size of around 140 per group and 3 other studies (Nisio et al., 2007; Mayne et 
al., 2012; Reddy et al., 2009) with sample sizes ranging from 115 to 702 patients, but 
lacked a control group. 
 Behavioral theories used as a basis for intervention modeling were: 1) Leventhal's 
self-regulatory theory (Karamanidou et al., 2008; Karavetian & Ghaddar, 2013); 2) mo-
tivational counseling (Morey et al., 2008) and 3) social cognitive theory (Sevick et al., 
2005). Among these, only Karavetian & Ghaddar (2013) reported a significant decrease 
in patients' serum P. Morey et al. (2008) showed beneficial effect on the short term 
(month 3), however, the significant decrease resolved at the end of the intervention 
(month 6). 
 The duration of each educational session used was 20 - 40 minutes, and the num-
ber of those sessions varied from 1 time in total to 8 times per month. The duration of 
the full intervention varied from 1 - 6 months where 4 of the studies (Ford et al., 2004; 
Lou et al., 2012; Morey et al., 2008; Yokum et al., 2008) educated the patient on a 
monthly basis for 6 months and 3 others (Karavetian & Ghaddar, 2013; Shi et al., 2013; 
Sevick et al., 2005) adopted weekly education for 1 - 4 months. Eleven (Ashurst & Dob-
bie, 2003; Ford et al., 2004; Karavetian & Ghaddar, 2013; Campbell et al., 2009; Nisio et 
al., 2007; Morey et al., 2008; Sullivan et al., 2009; Mayne et al., 2012; Reddy et al., 
2009; Cupisti et al., 2004) of the 18 studies had a renal dietitian only educating the 
patients; otherwise it was either a renal nurse and a renal dietitian (Sevick et al., 2005), 
a renal nurse only (Shi et al., 2013; Baraz et al., 2010; Sun et al., 2008) or a renal dieti-
tian and a pharmacist (Yokum et al., 2008). In two studies (Karamanidou et al., 2008; de 
Araujo et al., 2010), the type of the educator was unclear. There was no specific trend 
in the reviewed articles regarding the intensity of the education given nor the type of 
the educator (renal dietitian, nurse or pharmacist) in terms of the effect on serum P. 
 Sixteen (Karamanidou et al., 2008; Ford et al., 2004; Karavetian & Ghaddar, 2013; 
Shi et al., 2-13; Lou et al., 2012; Baraz et al., 2010; Campbell et al., 2009; Nisio et al., 
200; Morey et al., 2008; Sullivan et al., 2009; Yokum et al., 2008; Sevick et al., 2005; Sun 
et al., 2008; Mayne et al., 2012; Reddy et al., 2009; Cupisti et al., 2004) out of 18 studies 
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educated their patients during the HD session itself. The study with the strongest im-
provement in serum P (Ashurst & Dobbie, 2003) was unique in the timing of the educa-
tion provided to their patients: just before their HD session. de Araujo et al. (2010) was 
the only other study that shared this timing protocol. The findings of de Araujo et al. 
(2010) showed significant improvement of serum P, but patients were educated on 6 
different times, so the improvement may have been the result of the high intensity of 
the education. Further confirmation to the timing was the study protocol of Baraz et al. 
(2010) where 2 different education timings were tested: one during the session and 
another on the next day of the HD session; results showed no advantage of one over 
the other. 
 Individualized education was used by 14 studies (Karamanidou et al., 2008; Ashurst 
& Dobbie, 2003; Ford et al., 2004; Karavetian & Ghaddar, 2013; Shi et al., 2013; Lou et 
al., 2012; Campbell et al., 2009; Morey et al., 2008; Sullivan et al., 2009; Yokum et al., 
2008; Sevick et al., 2005; Sun et al., 2008; Mayne et al., 2012; Cupisti et al., 2004) and 
all except 1 (Karamanidou et al., 2008) achieved improvement in serum P. 
 Group education was used by 4 studies and all resulted in significant improvement 
in serum P, and they were: 1) Reddy et al. (2009) used a one-time educational radio 
cassette and booklet ; 2) Nisio et al. (2207) used a 1 time educational booklet; 3) de 
Araujo et al. (2010) organized a relatively intense group education (frequency of meet-
ings and various methods of educational material); 4) Baraz et al. (2010) compared the 
effect of a group education on the next day of HD session to individualized education 
during the HD session; both methods ended up with similar results, showing no ad-
vantage of one over the other. 
 Various educational tools were used (Table 2). Information given to patients fo-
cused on 1) hyperphosphatemia, its complications, and diet control with a list of P con-
tent in daily food; 2) restricted/non-restricted foods for low P diet, P/protein ratio of 
foods, reasons for compliance and possible consequences of non-compliance; 3) avoid-
ing foods with P additives; 4) P binders, their benefit and mode of action, 5) infor-
mation on relevant blood tests; in addition to behavioral change methods like self-
evaluation and self-regulation. 
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Table 2. Educational tools used to empower patients.  
Educational tools Number of studies using  
this educational tool  
1.   Colorful informational booklet  9 
2.   Handouts  3 
3.   Booklet on P-rich and poor food items 
4.   Games and puzzles  
5.   Posters  
6.   Involving relatives  
7.   Recipes adapted to the patients’ taste and culture
2 
8.   Demonstration of renal meals. 
9.   Phosphate binder medication record chart and refrigerator magnet  
10. Individualized P tracking tool  
11. Laboratory results review  
12. PowerPoint lecture  
13. Reinforcement session conducted via telephone  
14. Video education during HD sessions  
15. Audio cassette on all relevant information to take home  
16. Personal Digital Assistant- based program (BalanceLog) that helps dietary  
       self-management at home  
17. Interactive oral group sessions the day after HD session  
18. Homework assignments on knowledge acquired during sessions  
19. Live demonstration on P binding in the stomach  
20. Mail sent to patient’s family to involve patients and caregivers with patient’s 
       care  
1 
 
ES analysis was conducted (Table 3): only 10 studies (Ashurst & Dobbie, 2003; Ford et 
al., 2004; Karavetian & Ghaddar, 2013; Shi et al., 2013; Lou et al., 2012; Morey et al., 
2008; Sullivan et al., 2009; Yokim et al., 2008; de Araujo et al., 2010) were included in 
this analysis since the rest did not have a control and one of the studies (Karamanidou 
et al., 2008) had a control but no change was reported post intervention in any of the 
study groups. The negative ES in the results represents superiority of the intervention 
over the control group since having a high serum P is a negative outcome. Thus a nega-
tive ES indicates better improvement. 
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Table 3. Effect Size of Studies. 
Author ES Lower CI Upper CI Effect Size 
1.   Ashurst and Dobbie (2003) -8 -9.5 -6.45 Large 
2.   Ford et al. (2004) -1.02 -1.54 -0.49 Large 
3.   Karavetian and Ghaddar (2012) -0.66 -1.1 -0.21 Medium 
4.   Shi et al.(2013) -0.64 -1.09 -0.19 Medium 
5.   Yokum et al. (2008)  -0.61 -1.3 0.07 Medium 
6.   Lou et al. (2012) -0.51 -0.96 -0.07 Medium 
7.   de Araujo (2010) -0.36 -1.05 0.32 Small 
8.   Sullivan et al. (2009) -0.27 -0.51 -0.04 Small 
9.   Morey et al. (2008) -0.21 -0.72 0.29 Small 
10. Baraz et al. (2010) -0.13 -0.62 0.36 Negligible 
ES- effect size, CI- confidence interval at 95%  
 
ES varied widely between studies; which may have been due to the major differences 
between study protocols. The ones with ES not indicative of their results are elaborated 
below. Yokum et al. (2008) generated a medium ES whereby the intervention group 
experienced a non significant improvement in serum P approaching K/DOQI optimal 
level; as for the control, there was a significant deterioration of the serum P. The au-
thors considered the intervention a success, since they considered that the fate of the 
intervention patients without the intervention would have been like the control pa-
tients. Morey et al. (2008) had a small ES which was due to the non significant im-
provement in both study groups at the end of the study period (at month 6); but the 
intervention at month 3 resulted in a significant improvement, whereby serum P 
dropped to 5.57 ± 0.5 mg/dL. The serum P of their control group stayed in 6.51 ± 0.8 
mg/dL (ES: -1.14, Confidence Interval (CI): -1.94; -0.87). The authors explained that the 
level of lifestyle changes needed by the P restricted diet is complicated, thus a barrier 
to long term adherence. They pushed the topic even further and pointed out that a 
long term dietary restriction can result in mild depression which may lead to a relapse 
in the new behavioral change. They urged the need for group therapy, psychological 
help and proactive counseling prior to incidence of hyperphosphatemia, to effectively 
maintain long term adherence. As for the mild improvement of the control group at 
month 6, they explained it by contamination of information between the 2 groups, 
pointing out that it is always difficult to separate the 2 groups of HD patients when they 
dialyze in the same unit. This problem also contributed to lowering the ES in de Araujo 
et al. (2010) where patients in the intervention and control group had significant im-
provement in serum P, even though control were educated on a topic that was com-
pletely different from diet and phosphatemia management. Finally, Baraz et al. (2010) 
reported a negligible ES since the 2 study groups underwent an intervention but with a 
different protocol; thus this study’s ES clarified the lack of superiority of one protocol 
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over the other. Furthermore, the ES calculation differentiated the effective techniques 
used to enhance dietary behavioral change among the studies. The 2 studies (Ashurst & 
Dobbie, 2003; Ford et al., 2004) with large ES were unique in integrating self-
management tools within the educational material and individualized counseling by a 
renal dietitian. Moreover, we speculate that the large ES found in Ford et al. (2004) was 
due to the unique combination of: 1) a renal dietitian educating patients; 2) integration 
of self-evaluation and self-regulation tools within the education; 3) intervention dura-
tion of 6 consecutive months. Karavetian & Ghaddar (2012) had a protocol quite similar 
to Ford et al. (2004) except that the intervention lasted only 8 weeks; this may have 
been the reason of the lower ES when compared to Ford et al. (2004).  
 The relation between knowledge, as an education outcome, and serum P, as a 
behavioral change outcome, was examined. None of the studies conducted a correla-
tion between the 2 parameters, but reported on the change of each parameter sepa-
rately. The 2 parameters were significantly improved in 5 studies (Ford et al., 2004; 
Karavetian & Ghaddar, 2013; Shi et al., 2013; Nisio et al., 2007; Sullivan et al., 2009) in 
contrast to 3 other studies (Karamanidou et al., 2008; De Aroujo et al., 2010; Reddy et 
al., 2009) where patients’ improved knowledge did not lead to an improvement in se-
rum P (behavior). The rest of the studies did not assess knowledge but depended only 
on serum P as their outcome measure. Most authors noted knowledge as a controver-
sial pre-determinant to behavior and pointed out situations which enhance or hinder 
the positive effect of attained knowledge on behavior (noted with serum P). Nisio et al. 
(2007) attributed their positive results in both parameters to the following direct and 
indirect enhancers to dietary behavior change: 1) recruiting only hperphosphatemic 
patients (serum P ≥ 7 mg/dL) helped the drop of serum P to be robust enough to 
demonstrate a significant improvement in behavior, 2) only 26% of their patients had 
elementary or lower educational level, thus most patients had a good educational level 
making them more responsive to new education, and 3) the authors speculate that the 
change in behavior seen with the drop of serum P may have been due to the attained 
knowledge on P chelators and not as much from dietary knowledge, where patients 
started taking more P chelators (a rather easier way of managing part of hy-
perphsophatemia), 4) low mean age (50 year) indicating a younger and probably more 
responsive sample to education; 5) normal average body mass index (24.5 kg/m2) for 
this patient population indicating that the patients were not over-eaters, thus making it 
easier to apply the knowledge change behavior regarding dietary restrictions. Shi et al. 
(2013) and Sullivan et al. (2009) explained the positive behavior change to the focus of 
their dietary education on one major skill: P additives restriction, which contributes 
critically to the diet (up to 1000 mg/d) (Yokum et al., 2008). Ford et al. (2004) and Kara-
vetian & Ghaddar (2012) explained their positive results by the intensity and variety of 
educational methods used, focusing on self management information. These 2 studies 
also saw the benefit of empowering a patient with new skills, and thus the improved 
knowledge led to an easier change in behavior. Baraz et al. (2010) reported that educa-
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tional interventions would be more effective in changing dietary behavior among HD 
patients when they are coupled with the following demographics: higher educational 
level, unemployment and younger age. de Araujo et al. (2010) offered 2 possible expla-
nations for the lack of change in serum P despite an improvement in knowledge: 1) 
serum P does not change immediately which may demotivate patents from applying 
the dietary knowledge gained and 2) lack of individualization of diet without integrating 
family, social support and dietary beliefs may lead to a failure to change behavior. Ka-
ramanidou et al. (2008) recognized their one time education as insufficient to achieve 
behavioral change but also commented that the small sample size and the high attrition 
rate might have masked the possible behavioral change. Reddy et al. (2009) related the 
baseline low serum P to the lack of change in serum P post intervention despite a gain 
in knowledge, and thus no indicative of possible behavioral change. 
DISCUSSION 
This review was able to build solid evidence on the positive effect of dietary education 
on serum P; it was the first to engulf all interventional studies on dietary management 
of hyperphosphatemia among HD patients in the past decade and finally it identified 
the main enhancers and barriers to educational methods needed to achieve optimal 
dietary P management among HD patients. Caldeira et al. (2011) conducted a similar 
review, where all articles focusing on educational strategies related to dietary man-
agement of serum P among CKD patients were compiled on June 2011. Their search 
resulted in 7 articles unlike the 18 in the current review; thus revealing the uniqueness 
of the latter. The differences in the outcome parameters and inclusion criteria between 
Caldeira et al. (2011) and the current review were including all CKD patients and not 
focused on HD, had a secondary outcome parameter (Calcium Phosphorus product) in 
addition to the serum P and searched among unpublished articles in addition to the 
published ones. Their findings revealed that 50% of the patients that received educa-
tion achieved K/DOQI target levels of serum P without compromising nutritional status; 
this was not seen in the controls. The review highlighted the importance of intervention 
using psycho-educational theories, individualized, focusing on P/protein ratio, with a 
minimum duration of 4 months and delivered through a multidisciplinary team. 
 The current review derived facilitators for the studied behavioral change from the 
protocols of the studies with high ES which included: 1) use of self-evaluation and self-
regulation techniques within the educational tools with mainly easy to apply skills that 
do not need huge lifestyle modifications; 2) use of individualized counseling by a renal 
dietitian; 3) high intensity of the education; 4) long duration of interventions (≥ 6 con-
secutive months); 5) the timing of the education provided to their patients which was 
just before their HD session. Harum et al. (2003) reported that that educating patients 
before an HD session is the optimal timing to achieve optimal recall, compared to dur-
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ing or after the HD session; we speculate that this better recall may be the main facilita-
tor towards better dietary self-management and thus improvement in serum P in the 
studies that used this methods. The main barriers were noted as 1) low frequency of 
meetings between the patient and the dietitian or the health care provider, 2) older 
age, 3) low educational level of patients and 4) employed patients who juggle between 
jobs and HD session. 
Strengths in the studies  
The strength of the interventions in these studies is that they are effective, affordable, 
done when the patients are being dialyzed or right/after before the HD session and are 
non-invasive. Unlike medication therapies, education interventions do not cause any 
health related side effects, are very low risk and create a positive atmosphere in the 
dialysis room. When patients are educated, they feel empowered; they stop feeling the 
victims of their condition which improves their quality of life and willingness to adhere 
to any therapy for improvement (Campbell et al., 2008). Higher quality of life has been 
associated with higher survival rates among HD patients (Campbell et al., 2008).  
 The studies focused on a patient population well known for incompliance 
(Denhaerynck et al., 2007) yet achieved improvement, even though this might some-
times due to the unpublished null effects. A wide range of age categories were studied, 
covering all decades of adulthood, which make the results generalizable to most HD 
patients. Moreover, the studies in the review were done in various countries: 1 from 
Australia (Campbell et al., 2009), 2 from Asia (Shi et al., 2013; Sun et al.,2008), 7 from 
Europe (Karamanidou et al., 2008; Ashurst & Dobbie, 2003; Lou et al., 2012; Morey et 
al., 2008; Yokum et al., 2008; Cupisti et al., 2004), 6 from America (North (Ford et al., 
2004; Sullivan et al., 2009; Sevick et al., 2005; Mayne et al., 2012) and South (Nisio et 
al., 2007; de Araujo et al., 2010)), and 2 from the Middle East (Karavetian & Ghaddar, 
2013; Baraz et al., 2010); thus making it is easy to draw inferences to the general HD 
populations of the world. 
 Most studies used individualized education, which is line with the guidelines set by 
the Academy of Nutrition and Dietetics (EAL, 2010). 
Limitations in the studies  
Most studies in this review did not report on education level of their patients and the 
differences between groups on this aspect. Harum et al. (2003) reported that level of 
education is an important prerequisite for the comprehension level of nutrition educa-
tion among HD patients. A difference in education level of patients in comparison 
groups may contribute to bias in the results.  
 In Morey et al. (2008), 6% of intervention patients needed an interpreter as op-
posed to 21% in the control group, which may indicate failure of random allocation to 
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the groups. Having a lower percentage of patients that need an interpreter may put the 
intervention group in a superior position compared to the control and thus bias the 
results.  
 Gender was not equally distributed in 3 studies, as mentioned earlier. This may 
have affected the validity of their results and may compromise the comparison with the 
rest of the studies, since throughout the literature; female gender has been shown to 
be a predictor of better adherence (Kugler et al., 2011; Zrinyi et al., 2003). Thus it may 
be that the high ES of Ford et al. (2004) could be due to the high percentage of female 
participants and the low ES of Morey et al. (2008) to the high percentage of males. 
 Of all studies for which we could calculate an ES, Baraz et al. (2010) and Karavetian 
& Ghaddar (2012) were the only ones that included the general HD population; as for 
the rest, only hyperphosphatemics were chosen, which may have led to stronger re-
sults since improvement of serum P is easier to achieve among hyperphosphatemics 
than in normo-phosphatemics.  
 Only 9 (Karamanidou et al., 2008; Ashurst & Dobbie, 2003; Karavetian & Ghaddar, 
2013; Shi et al., 2013;Lou et al., 2012; Morey et al., 2008; Sullivan et al., 2009; Yokum et 
al., 2008; de Araujo et al., 2010) out of 16 studies were RCTs; more studies should 
adopt RCT models to enable stronger conclusions on the optimal method to be used to 
educate patients. Moreover, only 4 (Karamanidou et al., 2008; Karavetian & Ghaddar, 
2013; Morey et al., 2008; Sevick et al., 2005) out of 18 studies based their education on 
behavioral theories. Evidence shows that using behavioral theories is of added value to 
the success of dietary education (Spahn et al., 2010). Most studies had small sample 
sizes, which may either exaggerate the outcome or bias it by the selection of patients. 
Larger sample size RCTs are needed in this field.  
 A major limitation was underreporting of details of the educational methods, vague 
timing of the intervention (before, during or after the HD session). When the exact 
timing was not clearly stated but the setting was described as HD, we assumed that the 
education was done during the HD session. Many indicated frequency of education but 
not the duration of each session, some studies even did not mention the frequency 
itself. 
 Most studies concentrated on one aspect of lifestyle change, which was 
knowledge, but none concentrated on all the other factors affecting the patient adher-
ence. Chan et al. (2012) explored determinants of adherence to new behaviors among 
HD patients and reported that dietary change was one of the most difficult changes 
perceived by patients. They pointed out barriers to adherence among HD patients 
which were: old age, vintage dialysis years, low education level, financial constraints, 
food preferences, degree of lifestyle change required, complexity of diet, forgetfulness, 
side effects of the change required. Thus, the authors highlighted the need to look 
beyond knowledge in changing behavior.  
 Another limitation was the failure to include possible mediators and moderators of 
the effect of education on serum P improvement, which makes it hard to pinpoint the 
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working mechanisms. We therefore suggest in future studies to also measure interme-
diary outcome variables.  
 Some studies did not use dietitians as the educator to HD patients. K/DOQI (2003) 
and KDIGO (2009) state a "clear need for more active involvement" of renal dietitians in 
the care of renal patients to provide appropriate and consistent education and counsel-
ing and regular FUs during prescription of dietary P restriction. Dietetic professionals 
can conduct nutrition counseling to facilitate patient's behavioral change, they have the 
ability to deal with patient non-adherence to recommended dietary regimens and op-
timal nutrition prescription (EAL, 2010; McCann, 2005). 
 No multidisciplinary approach was used in any of the studies. Krause et al. (2006) 
demonstrated the significant positive effect of a multidisciplinary team approach on 
patient’s physical and psychological wellbeing among patients with multi chronic ill-
ness. The authors worked on increasing self-efficacy towards self-management among 
patients and involving family in the process. They highlighted the need to focus on 
increasing patient’s internal self-control in order to achieve optimal adherence in new 
behaviors. Physicians, psychologists, educators, social worker and dietitians should be 
integrated in developing and providing the education to HD patients.  
 None of the studies conducted a focus group to understand the actual barriers to 
adherence among patients and accordingly build the educational material. Hollingdale 
et al. (2008) explored the HD patient’s perspective towards the renal diet and revealed 
that patients see the renal diet as unpractical and difficult to integrate in regular life. 
Thus the authors concluded that patients should be involved in the development of 
their dietary plans so to understand the missing puzzle pieces of achieving full adher-
ence.  
 At least half of the studies educated the patients only once and surprisingly 
achieved a significant improvement; this illustrates the high level of the absorptive 
capacity among these patients for information towards dietary behavioral change. Chan 
et al. (2012) highlighted that educational communication between health care profes-
sionals and patients should be "simple and practical" and interaction should be fre-
quent to assure that patients are sufficiently reminded of all the details of their self-
care. 
 KDIGO (2009) guidelines stress the need to balance the low serum P intake with 
that of high protein to prevent malnutrition among HD patients. Cupitsi et al. (2004) 
was the only study that addressed this concept. Educating patients only on dietary P 
restriction might lead them to protein deficiency related malnutrition (Guida et al., 
2011). Studies targeting renal hyperphosphatemia should start focusing on this balance 
and not only on reinforcing dietary P restriction to prevent protein deficiency malnutri-
tion. 
 Many of the studies had not checked for homogeneity of study groups at baseline 
which may have resulted into exaggerated or biased results. Finally, most studies em-
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ployed convenience samples and had not done power analysis for a sufficient sample 
size. This may have resulted in misleading results (Thomas & Juanes, 1996). 
CONCLUSION 
This review extracted 18 studies, 1415-22,24,26-30 of which resulted in a significant 
drop in serum P among the intervention group, thus showing a positive relation be-
tween nutrition education and improvement of serum P. The studies showed common 
patterns of educating patients and the road to effective diet related behavioral change 
interventions for hyperphosphatemia management among HD patients is elucidated 
(Table 4). Stronger evidence still lacks and it can be achieved by: involving patents in 
understanding what educational material is needed and how it needs to be adminis-
tered through focus groups, multidisciplinary team integration into RCTs with larger 
samples, targeting males and females equally, with longer intervention and longer FUs, 
theory based and more frequent education to patients, more involvement of family and 
administration, and finally cost effective analysis to start integrating such interventions 
in daily routine practice of dietetic care of HD patients. 
 
Table 4. The formula for effective dietary education to manage hyperphosphatemia in HD patients. 
Human  
component 
Logistical  
component 
Timing  
component 
Educational  
component 
Theoretical 
component 
Time 
component 
Patients in-
volved in prepa-
ration of the 
intervention  
+  
Multidisciplinary 
team approach 
where depres-
sion is also 
treated  
Educational mate-
rial to be used  
8. Colorful infor-
mational book-
let  
9. Handouts  
10. Booklet on P 
rich and poor 
food items 
11. Games and 
puzzles  
12. Posters  
13. Involving rela-
tives  
14. Recipes 
adapted to the 
patients’ taste 
and culture 
Education 
must be done 
before the HD 
sessions and 
individualized
6. Hyperphosphatemia, 
its complications, and 
diet control with a 
complete list of P 
content in daily food ; 
7. Restricted/non-
restricted foods for 
low P diet, P/protein 
ratio of foods ;  
8. Avoiding foods with P 
additives ;  
9. P binders, their 
benefit and mode of 
action,  
10. Information on rele-
vant blood tests; in 
addition to behavioral
change methods like 
self-evaluation and 
self- regulation 
Use of behav-
ioral theories 
Not less 
than 6 
month 
duration 
for educa-
tion and 
not less 
than 
monthly  
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Appendix 1 : Search string used 
(renal dialysis.ab,ti. or exp Renal Dialysis/) AND (exp Diet/ or diet*.ab,ti.) AND ((exp 
Education/ or educat*.ab,ti.) OR (counsel*.ab,ti. or exp Counseling/) OR (interven-
tion.ab,ti. or exp Intervention Studies/)) AND ((phosphate.ab,ti. or exp Phosphates/) 
OR (phosphorus.ab,ti. or exp Phosphorus/)). 
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ABSTRACT 
This study aims to determine the effect of a trained dedicated dietitian on clinical out-
comes among Lebanese hemodialysis (HD) patients: and thus demonstrate a viable 
developing country model. This paper describes the study protocol and baseline data. 
The study was a multicenter randomized controlled trial with parallel-group design 
involving 12 HD units: assigned to cluster A (n = 6) or B (n = 6). A total of 570 patients 
met the inclusion criteria. Patients in cluster A were randomly assigned as per dialysis 
shift to the following: Dedicated Dietitian (DD) (n = 133) and Existing Practice (EP) (n = 
138) protocols. Cluster B patients (n = 299) received Trained Hospital Dietitian (THD) 
protocol. Dietitians of the DD and THD groups were trained by the research team on 
Kidney Disease Outcomes Quality Initiative nutrition guidelines. DD protocol included: 
individualized nutrition education for 2 hours/month/HD patient for 6 months focusing 
on renal osteodystrophy and using the Trans-theoretical theory for behavioral change. 
EP protocol included nutrition education given to patients by hospital dietitians who 
were blinded to the study. The THD protocol included nutrition education to patients 
given by hospital dietitian as per the training received but within hospital responsibili-
ties, with no set educational protocol or tools. Baseline data revealed that 40% of pa-
tients were hyperphosphatemics (> 5.5 mg/dl) with low knowledge of dietary P re-
striction in addition to inadequate daily protein intake (58.86%± 33.87% of needs) yet 
adequate dietary P intake (795.52 ± 366.94 mg/day). Quality of life (QOL) ranged from 
48-75% of full health. Baseline differences between the 3 groups revealed significant 
differences in serum P, malnutrition status, adherence to diet and in 2 factors of the 
QOL: physical and social functioning. The data show room for improvement in the nutri-
tional status of the patients. The NEMO trial may be able to demonstrate a better nutri-
tional management of HD patients. 
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INTRODUCTION 
The prevalence of chronic kidney disease (CKD) is increasing worldwide (Lebanese Na-
tional Kidney Registry 2012), and the situation is not different in Lebanon. The number 
of hemodialysis (HD) patients rose from 2500 in 2010 to 3000 in 2012 (Mallat et al., 
2011), a considerable increase for a small population of 4.14 million (CIA, 2012).  
 The lack of adherence to medical nutrition therapy (MNT) among HD patients is 
related to a wide range of complications such as hyperphosphatemia, Chronic Kidney 
Disease- Mineral and Bone Disorder (CKD-MBD), cardiovascular disease, morbidity, and 
considerable loss of quality of life, just to name a few (Denhaerynck et al., 2007). This in 
turn produces increased health care costs (Denhaerynck et al., 2007). Literature shows 
that only 36% of the HD patients are able to adhere to the MNT guidelines (Lee & Mo-
lassiotis, 2002) and as low as 43% in one important aspect: phosphorus (P) intake rec-
ommendations (Denhaerynck et al., 2007). A study conducted in Lebanon on 122 HD 
stable patients showed that 57% of them has a serum P >5.5mg/dl indicating the lack of 
adherence (Karavetian & Ghaddar, 2013). Reported predictors of non-adherence were 
gender, age, years on dialysis, patient and staff education level, physical limitations, 
financial limitations, inadequate staffing, and the patient’s willingness to cooperate 
with the staff (Richard, 2006). 
 Self-management focused counseling (SMFC), an individualized intervention based 
on the cognitive behavioral therapy approach, has been shown to increase patient 
adherence to nutritional and medical therapy (Richard, 2006). Success of such program 
depends on its integration in the usual practical care of the dialysis units and staff. 
Moreover, a recent evidence based guideline highlighted the necessity of “minimum 
dietitian-patient” time of two hours per month for up to one year to achieve adequate 
self-management for all aspects of MNT for HD (EAL, 2010). 
 HD units in Lebanon are exclusively hospital based, and the dietetic services in 
these units are provided by the general hospital dietitians who are overloaded with the 
hospital work and not trained for the specific needs of HD patients (Karavetian et al., 
2013). Resource and compensation limitations inadvertently force the decision not to 
have a dedicated renal dietitian, a situation prevalent in most developing countries 
(Gregory, 2009).  
 The objective of the Nutritional Education for Management of Osteodystrophy 
(NEMO) trial was to determine the value of a trained dedicated dietitian in the HD unit 
on patient clinical outcomes and the quality of life parameters in Lebanon, compared to 
3 situations: 1) existing practice; 2) the practice of trained hospital dietitian who are 
occupied with hospital duties, with the goal of providing a basis for national health care 
policy change in nutritional management of HD patients. In this paper, we will explain 
the study design, methodology and present baseline patient characteristics.  
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METHODS 
Subjects and Methods 
The study was a multicenter randomized controlled trial with parallel-group interven-
tions. Study implementation involved three steps: (1) Sample determination and ran-
domization of HD units and patients; (2) Staff training and development of patient edu-
cation material; (3) Conduct of study and data collection. This paper will elaborate on 
the first two steps and present baseline results from the third step. The study had 3 
protocols applied in 2 clusters of dialysis units. Cluster A consisted of 2 protocols: Dedi-
cated Dietitian (DD) management of Osteodystrophy compared to Existing Practice 
(EP). Cluster B consisted of Trained Hospital Dietitian (THD) Management of Osteo-
dystrophy.  
1. Cluster A: The aim of this cluster was to identify the effect of a dedicated compe-
tent dietitian, externally assigned to the study HD unit, on the dietary behaviour of 
HD patients related to CKD-MBD management. Patients in each HD unit of Cluster 
A were randomly divided as per their HD shifts and assigned to the DD or the EP 
group. This cluster based randomization method has been proven to be adequate 
for patient oriented education studies in HD centres, since it minimizes diffusion of 
information from one group to another and prevents contamination (Griva et al., 
2011). Hospital staff (physicians, dietitians, nurses) were conveyed the general aim 
of the study protocol for ethical reasons, but they were blinded to the specific pa-
tient oriented dietary education, outcome assessors and data analysis. The EP 
group was considered as the waiting controls. The research team planned to pro-
vide them with the intervention educational material after the completion of all 
the phases of the study. 
2. Cluster B: The aim of this cluster was to assess whether providing equal training on 
MNT standards of CKD-MBD to the hospital dietitian can be a viable low cost alter-
native for having a dedicated dietitian; thus, the study group was labelled as THD, 
bearing in mind that the hospital dietitian had many responsibilities set by the 
hospital other than the management of the HD patients. There was no control 
group in this cluster, as it is not ethical to expect the hospital dietitian to offer two 
different standards of care within the same institution.  
 
Randomization of the HD units recruited to the study was done in a way to represent 
the situation of Lebanon. As per the ministry of public health in Lebanon, HD units are 
divided into 3 pools based on their size: small (30-49 patients), medium (50-99 patients) 
and large (≥100 patients). Thus, units were randomly selected such that all 3 pools are 
represented in each of two clusters A and B: one large, two medium and three small. 
This step is intended to adjust for potential institutional, practice, logistic, staffing and 
economic issues that may differ by unit size. 
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Sample determination and randomization of HD units and patients: 
Sample size was determined according to change in serum P, the main objective out-
come of this study. We based our calculations on the data retrieved from our pilot 
study (Karavetian & Ghaddar, 2013) where serum P changed significantly from 6.54 to 
5.39 mg/dl (± 2.0 mg) in the DD intervention group and from 6.16 to 6.51 mg/dl (±1.5 
mg) in the control group with no statistical significance. To generate a similar significant 
effect of the prior in Cluster A of this study, a sample size of 50 patients in each of the 
intervention and control groups was estimated to achieve 80% power at a 5% alpha. As 
for cluster B intervention group, we multiplied the number of patients in it by 2, expect-
ing a drop in effect size in this protocol.  
 Subsequently, the sample size for each group was multiplied by 3 to account for 
the 3 different sizes of the participant HD units, and by an additional 20% to compen-
sate for refusals, loss to follow up, and drop-outs. This summed up to a sample of 
n=360 for cluster A divided into (Dedicated Dietitian group: n=180 and EP group: 
n=180) and another 360 patients for THD intervention and thus, a theoretical total 
sample size of 720 patients.  
 Inclusion criteria: HD patient of Lebanese origin, free of life-threatening acute dis-
ease, with a life expectancy > 6 months, on HD ≥ 3 months, adult (age: ≥ 18 years), at 
their full capacity of cognitive, psychiatric and physical ability for self-care and commu-
nication, capable to communicate either verbally or through writing, fully aware of the 
procedure of the study, and able to provide a consent form. Patients who did not meet 
all inclusion criteria were excluded. 
 The NEMO trial was conducted according to the guidelines laid down in the Decla-
ration of Helsinki and all procedures involving human subjects were approved by the 
institutional review board approvals by each participating institution. The consent also 
included permission to review the medical chart for demographic information and cur-
rent laboratory values. Confidentiality and anonymity were maintained by use of cod-
ing. 
Staff Training: 
• DD group: Five research dietitians of graduate level externally recruited and trained 
by the principal investigator (PI) during a 2 months period on MNT standards for HD 
patients according to KDOQI nutrition standards (NKF-KQODI, 2000). Details of the 
training will be described in future publications by our team.  
• EP group: Hospital dietitians of the HD units assigned to this group blinded to the 
study continued to provide routine dietetic care. 
• THD group: Hospital dietitians of HD units assigned to this group received the same 
2 months training by the PI as that of the DD group.  
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Patient Education Material Development 
Patient education material was developed on the basis of the Trans-theoretical Model 
(TTM) (Prochaska, 2008) and designed as proposed in the study of Finckenor et al. 
(2000). It was divided into 3 sections: pre-action (pre-contemplation, contemplation, 
and preparation), action and maintenance. Each section included many lessons, which 
were repeated in each section with a different approach. Materials used were: pam-
phlets, posters, booklet of alternatives to high P foods and recipe books. Details of the 
educational material will be described in a different paper by the same authors in the 
near future. 
Conduct of study and data collection.  
• DD Group: Each patient in this group received an individualized, twice a week, 15 
minute education for 6 months, to a total of 12 hours of education in accordance 
with the 2 hour per month recommendation by the Academy of Nutrition and Die-
tetics (EAL, 2010). The education was provided by the 5 research renal dietitians in 6 
HD units. Two of the units had less than 30 patients for which 1 dietitian was suffi-
cient to manage both units.  
• EP Group: Patients of this group continued to receive education from hospital dieti-
tians as per existing practice. These dietitians were blinded to the study. 
• THD Group: Patients in this group received education by the hospital dietitian as per 
the latter’s availability. The hospital dietitian, after being trained by the PI, was left 
free to provide education during the 6 months of the study on her own initiative 
and was informed that her visits documented in the patient files would be moni-
tored by the PI. 
 
The study had 3 phases: baseline (t1), intervention (t2) and follow-up (t3) where the 
each of the latter 2 had 6 months duration. The aim of the 6 months duration of the 
intervention was to facilitate behavioral change to take place as per the recommenda-
tion of Prochaska (2008) and the aim of the 6 months follow up post intervention was 
to determine whether the patients had maintained their stage of behavioral change or 
relapsed. The 6 months follow up period is the duration of follow up in most nutrition 
education intervention studies in CKD (medium term) and considered to be effective 
(Mason et al., 2008). During the follow up period the research team had no contact 
with any of the participants. 
Data collection:  
The study was evaluated using objective and subjective tools.  
 The objective ones included data from the medical chart: demographics, biochemi-
cal markers (calcium, phosphorus, parathyroid hormone) and the frequency of dieti-
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tian’s visits per patient (Diet Consults). All of these parameters, except the de-
mographics, were collected and monitored at 3 time points: Baseline (t1: average of 6 
months preceding the education), post-intervention (t2: average of 5 months during 
the education and 1 month immediately after the education) and follow up (t3: average 
of 6 months after the education). The protocol of the study is illustrated in Figure 1. 
 
Figure 1: Flow chart of study design 
 
 
As for subjective tools, 5 questionnaires were used in this study. Each questionnaire 
was conducted for each patient at 3 different times during the study (t1, t2, t3). Only 
two questionnaires were administered per visit to each patient in order to prevent 
answering bias.  
 The Knowledge questionnaire (KnQ) was adapted from Ford et al. (2004). With 18 
questions, it assessed the patient’s knowledge about kidney disease, renal diet, phos-
phate binders, vitamin D therapy and their perception of the importance of diet in their 
treatment. The total score ranged from 0-18 which was converted into a percentage, 
where a cut-off score of 60 % indicated sufficient knowledge. 
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 Stages of Behavioral Change (SBehCh) towards P restricted diet (SBehCh-P) was 
assessed using the decision tree as described in the trans-theoretical model, adopted 
from Welch (2001) with no translation. Only the components were modified to address 
P issues; a dietary P intake between 800 – 1000 mg and a P/protein ratio <13, in addi-
tion to having a serum P between 3.5 and 5.49 mg/dl, was set as the criterion of adher-
ence. The tool assigned patients to one of the following stages with their respective 
scores: pre-contemplation (1), contemplation (2), preparation (3), action (4) or mainte-
nance (5); the higher the score was for each patient, the more readiness to change on 
their part.  
 Dietary P and protein intake: The actual dietary phosphorus (mg) and the protein 
(g) intake was collected by a 3 time 24 hour recall and calculated using the renal ex-
change system and the USDA database. The mean of the 3 times was used to estimate 
the actual intake.  
 Daily Protein (%) Consumed: The daily protein need was calculated (1.2 g/kg SBW) 
after which the % protein intake was estimated (actual protein (g) intake /daily protein 
(g) needs *100). 
 Malnutrition Inflammation Score (MIS): This is a comprehensive scoring system 
(Kalantar-Zadeh et al., 2001) with significant associations with prospective hospitaliza-
tion and mortality as well as measures of nutrition, inflammation, and anemia in HD. 
MIS has 10 components, each with four levels of severity from 0 (normal) to 3 (severely 
abnormal). The sum of all 10 MIS components ranges from 0 (normal) to 30 (severely 
abnormal); a higher score reflects more severe degree of malnutrition and inflamma-
tion. The scoring sheet consists of four sections  
 Quality of life (QOL) was measured with the short-form health survey (SF-36) 
(Ware et al., 1992). It assessed 8 health concepts: physical functioning, usual role and 
social activities, bodily pain, general mental health and general health. Patients were 
presented Likert scale type items. The final score for each concept ranges between 0 
(death) and 100 (full life). 
 The Arabic, culture specific, and validated version of KQ (Karavetian & Ghaddar, 
2013) and QOL (Sabbah et al., 2003) was used.  
 None of the authors had any relationship with private companies with financial 
interest in the information contained in the manuscript. 
Statistical analysis 
All statistical analyses were conducted using the Statistical Package for the Social Sci-
ences (SPSS). A .05 significance level was utilized for strength of association to guaran-
tee 95% confidence level. Descriptive analysis was conducted, categorical data were 
reported as frequencies and percentage counts: continuous data as means ± standard 
deviation (SD). Pearson’s Chi Square (Χ2) was used to show group differences for cate-
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gorical variables. ANOVA and Duncan’s post hoc test was done to detect group differ-
ences for continuous data. 
RESULTS 
A total of 720 patients participated in the study; 570 of those met the inclusion criteria 
and were assigned to the 3 study groups: DD (n=133), EP (n=138) and THD (n=299). The 
number of participants who completed the study was 435; this attrition rate was due to 
transfer of patients into another dialysis unit, transplantation, patient resistance, hospi-
talization, and death (Figure 2). 
 
Figure 2: Attrition Data of the Study 
 
Baseline Sample Characteristics: 
A descriptive analysis of baseline data (Tables 1 & 2) showed that 57.8 % of the popula-
tion was male with a mean age of 59.28 and mean BMI of 25 kg/m2. The majority of 
the patients were married (77.4 %), unemployed (72.8 %) with an elementary educa-
tion level (33.5 %). Most of the patients had hypertension (67.7 %). Diabetes was the 
most common primary cause of HD initiation (24.4%) followed by CVD and hyperten-
sion (18.25%). The average frequency of hospital dietitian’s visit was less than 1 time 
per patient within the 6 months prior to the study. The biochemical parameters 
showed that 40.4 % of the population suffered from hyperphosphatemia and 26.1 % 
had a Ca*P byproduct higher than 55mg2/dl2. The mean value of PTH was also elevat-
ed. Our population consumed 58.9 % of their daily protein needs and the mean dietary 
phosphorus intake was below the daily recommendations.  
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Table 1. Baseline profile of study sample and groups  
 DD group  
(n=133) 
EP group 
(n=138) 
THD group  
(n=299) 
All 
(n=570) 
 % (n) % (n) % (n) % (n) 
Gender : Male  55.0 (73) 56.9 (79) 58.3 (174) 57.8 (329) 
Social status          
 Single  14.4 (19) 22.4 (31) 17 (51) 17.1 (98) 
 Married  78.0 (104) 71.6 (99) 77.7 (232) 77.4 (441) 
 Other  7.6 (10) 6.0 (8) 5.3 (16) 5.5 (31) 
Work : No  79.0 (105) 75.9 (105) 70.9 (212) 72.8 (415) 
Educational level          
 Illiterate  19.8 (26) 21.4 (30) 26.40 (79) 24.08 (137) 
 Read & Write  14.7 (19) 16.8 (23) 11.0 (33) 12.91 (74) 
 Elementary  32.8 (44) 28.20 (39) 36.1 (108) 33.51 (191) 
 High school  20.7 (28) 18.3 (25) 14.4 (43) 16.58 (94) 
 University  12.1 (16) 15.3 (21) 12.0 (36) 12.91 (74) 
Primary cause of HD initiation          
 Diabetes  26.7 (35) 19.6 (27) 24.4 (73) 24.33 (139) 
 CVD and HTN  13.3 (18) 8.0 (11) 24.9 (75) 18.25 (104) 
 Nephritis  10.5 (14) 5.4 (7) 13.1 (39) 10.27 (58) 
Nephrosclerosis/obstructive 
nephropathy 
 2.1 (3) 8.1 (11) 5.7 (17) 4.94 (28) 
 PCKD  1.0 (1) 2.7 (4) 2.8 (8) 2.09 (12) 
 Other  46.4 (62) 56.2 (78) 29.1 (87) 40.1 (229) 
Co-morbidities          
 Diabetes  38.9 (36) 36 (34) 34.2 (77) 35.7 (143) 
 HTN  63.8 (58) 69.4 (65) 67.1 (151) 67.7 (271) 
 CVD  20.8 (19) 27.8 (26) 22.9 (52) 23.6 (94) 
 Other diseases†   22.5 (20) 14.4 (13) 8.6 (19) 15.6 (62) 
Phosphatemia: > 5.5mg/dl   48.5 (65) 41.5 (57) 37.8 (113) 40.4 (230) 
Ca*P Byproduct: > 55  28.5 (38) 23.2 (32) 25.6 (77) 26.1 (149) 
SBehCh-P†          
 Pre-Contemplation  21.74 (29) 19.55 (27) 20.13 (60) 20.4 (116) 
 Contemplation  33.91 (45) 22.56 (31) 24.50 (73) 26.99 (154) 
 Preparation  4.35 (6) 10.53 (14) 10.40 (31) 8.43 (48) 
 Action  24.35 (32) 33.83 (47) 21.14 (63) 26.44 (151) 
 Maintenance  15.65 (21)  13.53 (19) 23.83 (71) 17.67 (101) 
Data are expressed in frequencies and percentages  
†Indicates a diﬀerence between the groups. 
HD, hemodialysis; CVD, cardiovascular disease; HTN, hypertension; PCKD, polycystic kidney disease; Ca * P, 
calcium – phosphorus product; SBehCh-P, stages of behavioral change towards phosphorus restricted diet. 
Pearson’s chi-square was used to show between group differences of the categorical data. Significance taken 
at p < 0.05 
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Table 2. Study parameters of the 3 groups  
 DD group 
(n=133) 
Existing group 
(n=138) 
THD group 
(n=299) 
All 
(n=570) 
Age 57.45 ±15.29 60.09 ± 15.63 60.47 ± 14.94 59.28 ± 15.09 
BMI (kg/m2) 25.10 ± 5.77 25.48 ± 5.1 24.17 ± 4.4 25 ± 5 
Serum P (mg/dl) 5.57±1.53a 5.39±1.48bc 5.17±1.44ab 5.31±1.48 
PTH (pg/ml) 400.86 ± 457.6 381.89 ± 360.4 344.9 ± 338.5 360.49 ±366.03 
Diet Consults 0.76 ± 1.5 0.93 ± 1.6 0.69 ± 0.9  0.77 ± 1.3  
KnQ (%) 40.02 ± 12.75 38.01 ± 12.04 38.89 ± 12.78 38.92 ± 12.59  
Dietary Phosphorus (mg/d) 795.52 ± 366.94  785.79 ± 365.99 756.19 ± 352.62 795.52 ± 366.94 
Daily Protein (%)  64.66 ± 54.07 57.46 ± 27.25 57.03 ± 23.91 58.86 ± 33.87 
MIS 7.26 ± 3.51a 6.62 ± 3.16ab 6.07 ± 3.90bc 6.45 ± 3.62 
QOL     
 Role-physical 48.64 ± 49.64 52.89 ± 48.6 45.8 ± 48.54 48.39 ± 48.83 
 Vitality 50.91 ± 18.10 48.39 ± 17.85 49.28 ± 17.46 48.99 ± 17.94 
 General Health 55.08 ± 24 52.52 ± 22.93 55.82 ± 22.65 53.11 ± 23.04 
 Physical Functioning 52.32 ± 34.59a 64.47 ± 32.25b 59.6 ± 31.91ab 59.38 ± 33.31 
 Role-emotional 64.55 ± 47.63 64.19 ± 47.07 68.8 ± 45.54 64.28 ± 47.22 
 Bodily pain 74.07 ± 29.06 77.23 ± 28.8 72.5 ± 29.55 73.95 ± 30.24 
 Social functioning 81.14 ± 30.13a 70.4 ± 31.79b 81.6 ± 29.21a 75.43 ± 31.52 
 Mental health 56.71 ± 16.51  59.71 ± 17.05 58.45 ± 19.06 75.43 ± 31.52 
Data are expressed as mean ± SD  
abc Values in the same row with the different superscripts are significantly different at p <0.05 based on one 
way ANOVA and Duncan's post hoc test. 
BMI, body mass index; PTH, parathyroid hormone; KnQ, knowledge questionnaire; MIS, malnutrition inflam-
mation score.  
Baseline differences between the 3 study groups: 
A between group analysis showed a significant difference between the 3 groups at 
baseline (Tables 1 & 2) regarding the SBehCh-P scores X2 (8) = 19.56, p<0.05. A 2 by 2 
group X2 comparison revealed that significant differences were caused by the THD. 
Among the comorbidities that the patients suffered from, there were no differences 
between the major categories (diabetes, hypertension, cardiovascular disease), but 
there was a significant difference in the “other disease” category, which were all the 
other infrequent conditions that the patients had, grouped into one group. Moreover, 
DD group had 3 significant differences compared to the other groups: serum P and MIS 
score was higher while QOL: Physical functioning (PF) was lower. The EP group had a 
significantly lower QOL: Social functioning (SF) score when compared to the rest of the 
study groups. 
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DISCUSSION 
The objective of the NEMO trial was to determine the role of a trained and dedicated 
dietitian in the HD unit on patient clinical outcomes and the quality of life parameters 
in Lebanon. Thus, it was important to know the patient characteristics of the main in-
tervention group and its comparators selected for our study, in addition to the pres-
ence of baseline differences between the study groups. 
 According to the baseline characteristics, the mean age of the population was 
around 60 years reflecting the aging of the dialysis population in Lebanon; this was in 
line with the literature in other populations (Shaw-Stuart et al., 2000; Reddy et al., 
2009; Rambod et al., 2010). The fact that almost 70% of our patients had a maximum of 
elementary level education could be a determinant of low adherence; this correlation 
was confirmed in Kugler et al. (2011) but not found by Lam et al. (2010). The majority of 
the population was married, which might have given a support system to facilitate 
adherence to the regimen. Kaveh & Kimmel (2001) showed that married HD patients 
had improved adherence with protein restriction but not with a low potassium diet. 
 Unemployment rate was quite high (70%) among our patients, for which the pa-
tients explained to be due to the lack of support from employers on work shifts that 
would include frequent absenteeism due to HD session; this was also reported in the 
literature (Muehrer et al., 2011). In addition to factors specific to the Lebanese culture, 
whereby the sick and the old are immediately considered the responsibility of the fami-
ly; there is no health care system that covers their needs. Moreover Muehrer et al. 
(2011) reported that existing co-morbid conditions and symptoms associated with renal 
failure can negatively affect a person’s ability to work.  
 The majority of our patients had a Ca*P byproduct higher than the normal range 
set by the KDOQI guideline. Even though this finding was in line with other studies (de 
Brito-Ashurst & Dobbie, 2003; Sun et al., 2008) , it was in contrast with a study done on 
a small sample of Asian population (Lim & Gun, 2007) whereby the authors contributed 
the controlled serum Ca*P byproduct to the over suppression of PTH by the medical 
team. It is worth mentioning that elevated Ca*P byproduct is associated with morbidi-
ties such as cardiovascular and systemic calcification (Qunibi, 2004; Block et al., 2004). 
Almost 40% of patients in all study groups suffered from hyperphosphatemia which can 
be considered an indicator of poor management of osteodystrophy, as suggested by 
Qunibi (2004). This poor management was even more evident with the elevated mean 
value of PTH of our sample when compared to the normal range (150 – 300 pg/ml) set 
by the KDOQI guidelines; this situation was in line with the literature (Sun et al., 2008; 
Reddy et al., 2009).The consequences of high PTH are bone demineralization, increas-
ing risk of fractures and extra-skeletal calcification (Mayne et al., 2012). The fact that 
the DD group had a significantly higher serum P than EP and THD group indicates that 
they could require more effort to normalize, hence a higher challenge to demonstrate 
the effectiveness of the intervention. This difference was not known by the study team 
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until after the intervention period was over and half way through the follow up, so it 
should not impact any bias in the conduct of intervention. 
 The lack of sufficient dietetic counseling by the hospital dietitians for each patient 
was explained by Karavetian et al. (2013), where it was evident that dietetic services in 
all Lebanese HD units were provided by general hospital dietitians who were: 1) not 
trained to the specific needs of HD patients, 2) had inadequate knowledge of the nutri-
tion management guidelines of HD patients, 3) were not required by their job descrip-
tion to be fully dedicated to these patients, 4) were understaffed and 5) had a high load 
of other nutritional and dietetic duties in the hospital. 
 The results of the KnQ showed that the 3 groups of the study had an insufficient 
knowledge which was in line with the findings of other studies (Cupisti et al., 2012; 
Durose et al., 2004). However, this was in contrast to the finding of a cross-sectional 
study in Portugal in which the patients’ knowledge score was found to be adequate 
(79%). The main difference of this group to the population of most studies was the 
relatively young age (mean 49 years) and higher education (mean 7 years of schooling) 
(Nerbass et al., 2010). 
 Our patients had trouble meeting their daily protein needs (<60% of daily protein 
needs) and since P is found in foods rich in protein, our patients unintentionally con-
sumed a diet low in P (mean <800mg/d). Inadequate protein intake among HD patients 
is directly correlated with malnutrition; a dangerous, yet highly prevalent condition 
among HD patients (Andrew et al., 2008; Locatelli et al., 2002; Morais et al., 2005). The 
ideal method of managing this protein to P balance is choosing foods high in protein yet 
low in P (McCann, 2009), which can be achieved only by special education. In the litera-
ture, low adherence to diet restrictions, in particular to phosphorus, is prevalent 
(Denhaerynck et al., 2007; Lee & Molassiotis, 2002). 
 As for SBehCh towards P restricted diet and for P binder intake, our patients were 
mainly in the pre-action stage which was in line with the findings of other studies 
(Finckenor et al., 2000; Mochari-Greenberger et al., 2010), whereby the majority of 
patients with a problem in health behavior were in the pre-action stage (pre-
contemplation, contemplation, preparation). This may be explained by the fact that in 
traditional education programs, all patients are given instructions on how to change 
their lifestyle, without assessing whether they are ready to change, which results in 
resistance on part of the patient to the program and the lack of progress in the behav-
ioral (Finckenor et al., 2000). Moreover, the analysis for between group differences 
revealed that the THD group was significantly different from the other 2 groups in 
SBehCH-P. This difference could be attributed to the higher percentage and frequency 
of patients in the “maintenance stage” in this group for both variables. Even though the 
selection of units was done through a randomization process, after entering the hospi-
tals and meeting the staff, the research team noticed that out of the 6 HD units in this 
cluster, 3 were much better managed by their medical team than all the other units in 
the study in both clusters; moreover, one of these 3 units had the highest rate of trans-
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plant in the country. One of the major eligibility criteria for renal transplant is for the 
patient to achieve optimal blood profile. The high rate of renal transplant of this unit 
may propose that 1) the patient management techniques of this one unit were signifi-
cantly better, 2) thus the patients had higher compliance to therapy indicated by higher 
“maintenance stage”. These 3 units may have pushed up the rates of “maintenance” 
patients in the cluster B.  
 The results of the MIS showed that the population was mildly malnourished. Our 
patients were not different from the ones reported in the literature, where it was evi-
dent that the malnutrition-inflammation syndrome is common among HD patients and 
may correlate with increased morbidity and mortality (Kalantar-Zadeh et al., 2001; 
Rambod et al., 2009). In cross-sectional study conducted in an HD unit in Jordan, 38.2% 
of patients were well nourished; the authors noted older age and HD vintage to be 
inversely correlated with nutritional status (Tayyem & Mrayyan, 2008). 
 Globally, low QOL is prevalent among HD patients with a rate of 40 – 70% of full 
health (Kimmel et al., 2003) while a rate of 38– 53% is prevalent in Iran, a neighboring 
country (Aghakhani et al., 2012). Our patients' QOL ranged from 48 – 75%, indicating 
similarity with the general population of the published studies, thus facilitating future 
comparisons. Multiple co-morbidities, polypharmacy and dialysis vintage have been 
shown to depress QOL (Covic et al., 2004; Han et al., 2012). 
 This study can serve as a developing country model. The baseline findings reveal a 
room for improvement among the Lebanese HD patients regarding osteodystrophy 
management and relevant biochemical, clinical and the quality of life outcomes, justify-
ing an effort to improve nutritional advice. Moreover, differences among the 3 study 
groups at baseline were minimal, showing adequate randomization , low risk of bias 
between groups and homogenousity of medical management of these patients across 
different HD units. Finally, our patients’ characteristics seem to be comparable to pa-
tients of the literature, which would facilitate evaluation of 18 months long full scale 
study, according to which a possible platform can be built for future improvement in 
policies governing dietetic management of HD patients in Lebanon. 
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CHAPTER 6 
Effect of Behavioral Stage-Based Nutrition 
Education on Hyperphosphatemia 
Management among Hemodialysis 
Patients: NEMO Trial, Lebanon 
 
 
 
 
 
Submitted for Publication as: Karavetian, M., Elzein, H., Bechwaty F. de Vries, N. Effect 
of Behavioral Stage-Based Nutrition Education on Hyperphosphatemia Management 
among Hemodialysis Patients: NEMO Trial.  
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ABSTRACT 
The study aims to assess the effect of a dedicated dietitian (DD) on hyperphosphatemia 
management among hemodilaysis (HD) patients using stage-based nutrition education. 
The study was a randomized control multicenter trial; units randomly assigned to clus-
ter 1(n=6) and cluster 2 (n=6) of HD units. Cluster 1 patients were randomly assigned 
according to dialysis shift to: DD protocol (n=88) and Existing Practice (EP) (n=96). Clus-
ter 2 patients were assigned to Trained Hospital Dietitian (THD) protocol (n=210). DD 
patients received individualized bi-weekly stage-based nutrition education for 6 months 
by trained study dietitians. THD patients were educated upon the availability of the 
trained hospital dietitian. EP patients (usual care/control group) were educated by the 
hospital dietitian, who was blinded to the study. Knowledge (%) on Phosphorus (P) 
restricted diet, stages of behavioral change (1-5), serum P (mg/dl) were assessed at 
baseline (t0), at 6th month -post-intervention (t1) and at 12th month- follow-up 
(t2).General linear model for repeated measures and Friedman tests were used to ana-
lyze the parametric and non parametric data respectively, using SPSS version 16, and 
significance at p<0.05. Results showed that DD protocol was the only one to achieve 
significant improvement in knowledge (t0:40.3, t1:64, t2:63); in the stages (t0: Prepara-
tion, t1: Action, t2: Preparation); and in serum P (t0: 5.55, t1: 5.11, t 2: 5.29). In conclu-
sion, DD protocol showed to be superior over the others; and can be used as a model to 
be adapted within HD units in Lebanon. 
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INTRODUCTION 
Lack of adherence to dietary restriction among hemodialysis (HD) patients is a common 
problem (Kaveh et al., 2001; Matteson et al., 2010). The prevalence of HD patients is on 
the rise nationally (NKR, 2012) and globally (Maurales et al., 2007). These patients often 
suffer from elevated serum phosphorus (P); a leading cause of Chronic Kidney Disease- 
Mineral and Bone Disorder (CKD-MBD) and mortality (Sun et al, 2008; Friedman et al, 
2005). The management of this condition includes HD, using phosphate chelators, limit-
ing dietary P to 800 – 1000 mg/d and dietary P density (P/Protein) 12 – 14 mg/g (Caldei-
ra et al., 2011; Noori et al., 2000). Consequently, adherence to P restricted diet is the 
most difficult for HD patients (Durose et al., 2004).  
 Integrating behavioral change models in nutritional education facilitated adherence 
to dietary lifestyle changes (Spahn et al., 2010). The transtheoretical model (TTM stag-
es) assesses the readiness to behavioral changes among individuals. There are 5 stages 
in the model: 1) pre-contemplation, 2) contemplation, 3) preparation, 4) action, 5) 
maintenance. To stimulate effective progression among stages, an appropriate stage-
based intervention needs to be planned (Prochaska, 2008; Molaison et al., 2003; Mo-
chari-Greenberger et al., 2010). Whitelaw et al (2000) demonstrated the superiority of 
the latter over the traditional non-stage-matched educations.  
 A recent review (Karavetian M, de Vries N et al., 2014) on effective dietary counsel-
ing intervention for hyperphosphatemia management in HD patients identified the 
following key tools to enhance behavioral change: 1) multidisciplinary team approach 
coupled with a decisional partnership with the patient, 2) behavioral theory based indi-
vidualized education with frequent reinforcement sessions 3) easy to comprehend 
educational material targeting simple skills using booklets, live demonstrations, posters 
and recipes adapted to culture preference. 
 In Lebanon, HD units are exclusively hospital based; the hospital dietitian is respon-
sible for nutritional education among other duties in the hospital. Moreover they are 
overloaded and do not have the optimal competencies needed to manage HD patients 
in Lebanon (Karavetian M et al., 2013).  
 The current study primarily aimed at assessing the effect of having a trained dedi-
cated dietitian in the HD unit compared to 1) trained and 2) non-trained partially dedi-
cated dietitians on hyperphosphatemia management of HD patients. The secondary 
aim was to study the effectiveness of an intensive, individualized, stage-based psycho-
educational nutrition intervention focused on P compared to the non-stage based 
model given in routine care.  
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METHODS 
Subjects and Methods 
This was a randomized control multicenter trial in 12 hospital based HD units. Half of 
the HD units were randomly assigned to cluster 1 and the rest to cluster 2. 
 Hospital and patient selection criteria, randomization method, ethical approval and 
group baseline characteristics are detailed in Karavetian M, Saade A et al (2014). After 
attrition there were 184 patients in Cluster 1 and 210 in cluster 2.  
 Each participant received a written consent form describing the study. It included 
participants’ permission to review the medical chart for demographic information and 
current laboratory values. Confidentiality was maintained by use of coding. The institu-
tional review board (IRB) of each hospital approved the study. 
 Patients in Cluster 1 were randomly assigned according to their dialysis shift to the 
following study protocols: Dedicated Dietitian (DD) and Existing Practice (EP). DD group 
patients received individualized education as per the study protocol by 5 externally 
recruited research dietitians. These dietitians were clinicians who received an intensive 
training by the study’s principal investigator (PI) on renal dietetics. The patient and 
dietitian education protocol are detailed later in this article; this protocol was consid-
ered the optimal one being studied. EP group patients did not receive any intervention 
by the research team; they were only evaluated on study parameters, and continued 
receiving dietetic care by the hospital dietitian who was blinded to study protocol, thus 
serving as controls and representing the situation of usual care. 
 Cluster 2 patients were assigned to the Trained Hospital Dietitian (THD) study pro-
tocol. In this group, the general hospital dietitian responsible for the selected hospital’s 
HD unit received the same training as that of the DD group by the PI; after which they 
were asked to educate the HD patients for 6 months. No educational protocol or pa-
tient education material was imposed on them. They were informed that their practice 
in the HD unit would be monitored by the PI. This group represented the viable alterna-
tive for the DD protocol. There was no control within this cluster since it was not ethical 
to ask the hospital dietitian to provide different standards of care to the HD patients of 
the same unit. 
 After the completion of the study, EP and THD patients received study educational 
material. 
DD protocol Patient Education  
Semi structured qualitative interviews were conducted with a focus group of 15 HD 
patients and 3 dietitians working with renal patients in Lebanon. This revealed their 
perspectives on facilitators and barriers for optimal adherence to P restricted diet. 
Patient interviews included 1) barriers to adherence to the prescribed diet, 2) their 
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level of health consciousness, 3) family support, 4) work pressure, 5) degree of useful-
ness of advice given by hospital dietitian, 6) effect of frequency of dietitian’s visit on 
adherence. Answers are detailed in Table 1. As for the dietitians, they were asked about 
1) barriers to dietary adherence among patients, 2) barriers in achieving adequate and 
successful dietary consultations to HD patients adequately, 3) solution for both previ-
ously addressed problems, 4) frequency of visits to the HD unit. Results are presented 
in Table 2. 
 
Table 1. Patient Focus Group Answers (n=15) 
% of patient  Opinion 
100 The need for more self management skills and alternatives to forbidden foods. 
100 Eating in group (healthy family / friends) makes it more difficult to comply with restricted 
diet. 
90 Need for more dietitian encounters. 
50 Need practical advice from health care professionals. 
40 Family brings forbidden foods, makes it available at home; difficult to avoid them. 
20 Inability to buy or prepare uremic diet. 
13 Adherence becomes easier when symptoms appear. 
13 Bored of restrictions, want to live like everyone 
7 Depression leading to indifference. “No matter what I do, I will still be on HD, so why 
comply?” 
 
Table 2. Dietitian Focus Group Results (n=3) 
% of dietitians  Opinion 
100 Overload in the hospital duties; limited time for HD unit. 
100 Nurses and doctors should be educated about the diet. 
100 Need of simplified culturally fit ready-made diet. 
66 Need for more family involvement. 
66 Nutrition education should be given only by dietitians. 
66 Need for awareness in the community on diet and clinical outcomes of HD patients 
66 Psychologists should be involved in HD patient care. 
66 It is difficult for patients to prepare palatable meals and adhere to restriction. Food indus-
try needs to develop renal food items available in supermarkets and restaurants (low 
potassium, low phosphorus, . . . ) 
 
According to the focus group results and the principles of the TTM stages, patient edu-
cational material was developed. Moreover, the structure of the lessons was adapted 
from Fickenor et al (2000), after the approval of the main author, although the latter 
addressed a different but also chronically ill population. 
 For practicality and following Fickenor et al (2000), the TTM stages were grouped 
into 3 and accordingly educational material was prepared: Pre-action (pre-
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contemplation, contemplation, and preparation), Action, and Maintenance. Each stage 
had several topics discussed and integrated within 9, 5 and 5 lesson plans respectively. 
Table 3 gives a detailed description of the patient education material. Each lesson in-
cluded a brief introduction, the lesson itself, and a brief conclusion. At the end of the 
study, all participants received a folder that included the used material. The education-
al materials were printed in low literacy level, in bold and in illustrative photos. Lan-
guage used for oral explanation and on all printed material was Arabic and sentences 
were 5th grade level to facilitate comprehension among patients from all educational 
levels as recommended by Aldridge (2004). Along with the lessons, 4 other educational 
tools were used: 1) A recipe book which contained 7 recipes for each of the 3 meals of 
the day, restricted in P, potassium and salt yet adapted for the Lebanese cuisine. 2) 
Booklets of alternatives: contained photos of high P food items along with their low P 
alternatives. 3) Posters representing high P food and low P food were hung in the HD 
unit’s waiting room. 4) Patients entered an in-center achievement contest of having the 
best serum P for 6 consecutive months. This was recorded on a track chart which was 
hung in the HD waiting room. The objective of the contest was to foster a competitive 
spirit and raise awareness of adherence in an effort to facilitate patients in attaining 
their serum P value goals. Evidence shows the effectiveness of these types of the edu-
cational tools on improving patient dietary adherence (Shaw-Stuart et al., 2000).  
 These educational materials were used only in the DD protocol. After the comple-
tion of the study, EP and THD patients received study educational material.  
 The patient education protocol comprised of twice weekly 15 minute sessions for 6 
months, amounting to a total of 12 hours per patient. The session duration was 
adapted from the “2 hour per month dietitian-to-renal patient time” recommendation 
of Academy of the Nutrition and Dietetics (2010); the 6 month duration from Paul and 
Sneed (2004), the minimum time needed for behavioral change to take place. The lack 
of dedicated dietitians in the Lebanese HD units led us to believe that none of the pa-
tients had received a formal and complete dietary counseling; thus, at start, patients 
were educated on “pre-action” material irrelevant of their TTM stage. When patients 
progressed in TTM stages, accordingly educational material progressed; otherwise, the 
education was repeated till a change was noted. During the 1st weekly session, the 
theme of the week was explained. In the 2nd weekly session, the patient was asked to 
recall the previous lesson afterwards the lesson was re-explained using individualized 
feedback, making sure that the patient understands of the new information. And final-
ly, at the beginning of each month, new monthly blood tests related to CKD-MBD were 
evaluated and discussed with each patient and an action plan was designed in coordi-
nation with the patient to achieve better results for the next month.  
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Table 3. Lesson Plan as per TTM Stages 
Stage Pre – Action Action Maintenance  
Concepts Raise awareness  
Identify benefits of change
Provide personalized in-
formation 
Resolve ambivalence 
Identify small steps taken 
before and praise patient. 
Set action plan & short-term 
goals 
Identify support needed 
Solve barriers to adherence 
Create consequences for 
failure. 
Continue development of 
skills to implement the plan.
Provide relapse manage-
ment 
Solve difficulties to adher-
ence 
Identify local re-
sources/support 
Empower self control. 
Encourage commitment. 
Lessons 
(equivalent topics 
of each phase are 
in the same row) 
Small Lifestyle Changes to a 
Better Quality of Life 
Dietary sources of P  Benefits of lifestyle changes 
on health  
High P diet and health  
High P diet and bone  
High P diet and heart 
How to live on a low P diet  
Booklet and poster: P rich 
foods and low P alternatives* 
The cons of P rich diet and 
Pros of P restricted one. 
Normal Ranges of Calcium , 
P, PTH 
Role of P chelators 
P chelator administration 
methods 
Benefits of P chelators 
Exercise and P clearance in 
HD 
Types of exercise safe for HD Importance of the exercise 
Vitamin D and bone Vitamin D therapy and serum 
P 
Importance of Vitamin D 
Holistic management of 
CKD-MBD 
21 P restricted Lebanese 
recipes for breakfast, lunch, 
dinner;  
 
* educational materials with star were adapted from Karavetian & Ghaddar (2013), where by the educational 
tools were validated on adult HD patients in Lebanon using local language (Arabic). 
Dietitian Educational Program 
The dietitian education program covered all Kidney Disease Outcomes Quality Initiative 
(KDOQI; 2000) nutritional guidelines for HD patients and the application of the TTM. 
The training was provided by the PI and included 8 sessions; 4 hours each using lec-
tures, case studies and discussions. Pre and post training exam was used to mark pro-
gress. Additionally, research dietitians were trained on outcome parameters collection 
and data entry; aiming to minimize inter-collector variations and errors. 
Instruments and Measures 
All data were collected at the 3 moments: baseline (T0), at post intervention (T1= T0 + 6 
months) and at follow up (T2= T1 + 6 months). This was conducted by research dieti-
tians under the supervision of the PI.  
 A knowledge questionnaire, adapted from Karavetian & Ghaddar (2013) was used. 
Through 18 questions (multiple choice answers), it assessed the patient’s knowledge 
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about kidney disease, renal diet, P chelators, vitamin D therapy and their perception of 
the importance of diet in their treatment. The total score ranged from 0-18 which was 
converted into a percentage, where a cut-off score of 60 % was assumed to represent 
sufficient knowledge. 
 Serum P was collected from all patients throughout the 6 months prior to each 
study phase; afterwards, the mean value of the 6 months was computed to give strong 
information on the effect of the dietary behavioral change of each phase. At the end 
one mean value of serum P represented each study phase, and those numbers were 
analyzed with each other. 
 TTM stage of each patient was assessed at each study phase using an algorithm 
(Figure 1) inspired by Welch (2000). In addition to this, DD group was assessed for TTM 
stage weekly throughout the 6-month of the intervention. One of the components of 
the algorithm was daily dietary intake of P (mg) and P density (P (mg)/protein (g) ratio); 
thus 24 hour recall was conducted. Dietary intake of 3 non-consecutive days was col-
lected weekly; the mean intake was considered the actual intake. This was analyzed 
through the renal exchange systems and the USDA (version 25) nutrient analysis; edible 
portion of the food was analyzed.  
 
Figure1: TTM Staging Algorithm 
 
*since serum P doesn’t respond immediately to dietary change, it is expected that a patient following P
restricted diet for 6 months should have a normalized serum P within the past 3 months. 
Data Analysis 
Collected data was entered into Statistical Package for Social Sciences (SPSS) version 16, 
IBM. A 0.05 significance level was utilized. Within group differences were studied using 
general linear model (GLM) repeated test ANOVA was used for repeated parametric 
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measurement over the three study time points; if significant, analysis was followed by a 
post hoc test (Bonferoni) to test the differences in means for all possible pairs (T0 &T1, 
T0&T2, T1&T2) within the treatment condition. 
 Within group differences for the repeated non-parametric measurements included 
the Friedman test. It was used to detect statistical difference between the 3 time points 
measurements (T0, T1, T2) within the same treatment condition; If significant, analysis 
was followed by a Post Hoc test (Wilcoxon Signed Rank test) to test the differences in 
average ranks for all possible pairs (T0 &T1, T0&T1, T1&T2) within the treatment condi-
tion. 
RESULTS 
The following number of patients completed the study and provided sufficient data for 
analysis: DD (n=88), EP (n=96), THD (n=210).  
 Baseline data (demographics and study parameters) are shown in detail in Kara-
vetian et al (2014), whereby between group differences revealed that the DD group’s 
mean serum P was significantly higher than the rest and THD group had more patients 
in the “action” and “maintenance” stages than the rest of the groups. 
 Knowledge of patients in the DD group improved significantly at post intervention, 
reaching a satisfactory percentage; this was maintained at follow up. The EP group had 
a significant drop in knowledge post intervention which significantly elevated at follow 
up but still did not reach satisfactory levels. As for patients in the THD group, 
knowledge scores had significantly improved at follow up, but did not reach satisfactory 
levels. Serum P significantly improved post-intervention (Table 7) only in the DD group. 
There was a significant elevation at follow up, but the value remained within the KDOQI 
optimal level. No significant improvement was seen in the other 2 groups.  
 P density in food was measured through P/Protein ratio (Table 8). This ratio ap-
proached normal levels post intervention in the DD group, but the change was not 
significant. At follow up, DD group had a significantly elevated ratio. There was no sig-
nificant change in the EP group as for the THD group, the score remained unchanged at 
post intervention yet significantly increased at follow up (Table 4).  
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Table 4. Effect of NEMO Trial on Knowledge, serum P and Dietary P density (n=394): DD group (n=88), EP 
group (n=96), THD group (n=210) 
Knowledge (%) 
DD group  40.3a ± 13.0 64b ± 9.1 64ab ± 16.9 < 0.001 
EP group  38.7a ± 12 30.1b ± 20.8 51.2c ± 21.0 < 0.001 
THD group  39.4a ± 12.9 39.9a ± 19.1 55.3b ± 20.8 < 0.001 
Serum P (mg/dl) 
DD group  5.5 ± 1.6a 5.1 ± 1.4b 5.2 ± 1.7ab <0.01 
EP group  5.4 ± 1.5a 5.3 ± 1.5a 5.6 ± 2.0a 0.08 
THD group  5.18 ± 1.5a 5.05 ± 1.5a 5.13 ± 1.5a 0.17 
Dietary P (mg)/Protein (g)  
DD group  15.5 ± 5.3ab 14.7 ± 3.9a 16.1 ± 2.1b 0.006 
EP group  15.7 ± 4.4 15.5 ± 4 15.7 ± 1.4 0.91 
THD group  14.62a± 4.5 14.9a 3.4 16.04b ± 2.3 <0.001 
Values are shown in mean ±SD  
p value in the table indicates significance as per GLM-Repeated Measure ANOVA. 
Different superscripts indicate statistical difference between each pair as per posthoc Bonferoni test p<0.05. 
 
Post intervention results (Table 5) show that the median of the DD group improved 
from Preparation stage to Action stage and dropped back to Preparation at follow-up. 
No significant change was seen in the EP group. As for the THD group, there was no 
improvement post-intervention, moreover the median dropped even lower (Contem-
plation) at follow up.  
 The progression of patients from one TTM stage to another in the different study 
groups and phases, are reported in Table 6. The results show that 56 patients out of the 
88 in the DD groups started the study at Pre-action stage; 90% of these patients pro-
gressed to either Action or Maintenance stages at post intervention, but at follow up all 
of them fell back to the Pre-Action stage. Moreover, 26/88 patients started the study in 
the Action phase, 73% of whom stayed in action and 15 progressed to Maintenance at 
post intervention; and almost all (92%) regressed to Pre-Action at follow up. And finally, 
13/88 patients started the study in the Maintenance stage, most (77%) stayed in-
between Action and Maintenance staged at post intervention, yet again dropped to 
Pre-Action at follow up. The results show positive effects of the intervention on pa-
tients of all TTM stages, and the detrimental effect of the absence of continuous rein-
forcement in the follow up phase of the study. Such improvement was not seen in the 
other study groups. 
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Table 5. Effect of NEMO Trial on TTM Stages* on Diet Restricted in P (n=394) 
  DD group (n=88) EP group (n=96) THD group (n=210) 
  25th 50th  75th Mean 
Rank 
25th 50th  75th Mean 
Rank 
25th 50th  75th Mean 
Rank 
T0 2 3 4 1.9a 1 2 4 2a 2 3 4 2.2a 
T1 3 4 5 2.5b 2 3 4 2a 2 3 4 2.1a 
T2 2 3 3 1.6c 2 3 3 1.9a 1 2 3 1.7b 
P < 0.001 0.42 < 0.001 
TTM Stages are shown in their numbers  
Values are shown in Quartiles, where 50th percentile indicates the median 
P<0.05 indicated significance according to the Friedman test group statistics. 
Ranks with different superscripts are statistically different from each other as posthoc Wilcoxon Signed Rank 
test with a p<0.05. 
 
Table 6. Effect of NEMO Trial on Transition of Patients from One TTM Stage to Another (n=394) 
 DD group  
(n=88) 
EP group  
(n=96) 
THD group  
(n=210) 
T0  T1 T2 T0 T1 T2 T0 T1 T2 
Pre Action 56 
(100%) 
5 
(9%) 
37 
(66%) 
57 
(100%) 
48 
(84 %) 
49 
(86%) 
124  
(100%) 
71 
(57%) 
105 
(85 %) 
Action  23 
(41%) 
  7 
(12 %) 
  33 
(26.6) 
2 
(2 %) 
Maintenance  28 
(50%) 
  2 
(4 %) 
5 
(9%) 
 20 
(16.1 %) 
9 
(7 %) 
Pre Action  3 
(11.5 %) 
24  
(92%) 
 24 
(77%) 
30  
(97%) 
 31 
(62%) 
37 
(74%) 
Action 26 
(100%) 
19 
(73 %) 
 31 
(100%) 
  50 
 (100%) 
13 
(26%) 
5 
(10%) 
Maintenance  4 
(15%) 
2 
(8 %) 
 7 
(23%) 
1 
(3 %) 
 6 
(12%) 
5 
(10%) 
Pre Action  3 
(23%) 
12 
(92 %) 
 9 
(69%) 
11 (84.6%)  32 
(62%) 
43 
(83%) 
Action  4 
(31%) 
  3 
(23%) 
  9 
(17%) 
n=1 
(2%) 
Maintenance n=13 
(100%) 
n=6 
(46%) 
n=1 
(8%) 
n=13 
(100%) 
  n=54 
(100%) 
n=13 
(25%) 
n=7 
(14%) 
All percentages are rounded up.  
At T2, numbers do not add up to 100% due to drop out rates by the end of the study. 
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DISCUSSION 
The nutritional psycho-education used in DD protocol improved all study parameters. 
The protocol was unique in its high dietitian-to-HD patient time, 6 month duration, 
individuated education using the TTM model, and use of culturally fit educational mate-
rial. Despite an equal training for dietitians in the THD and DD groups, patient educa-
tion style and duration in the THD group was left to the dietitian’s initiative and time 
limitations.  
 Knowledge scores in the DD group improved post intervention and reached satis-
factory scores, this improvement did not drop at follow up, showing the effectiveness 
of intensive education protocol; this was in line with other published nutrition educa-
tion interventions (Ford et al., 2004; Niso et al., 2007; Karavetian and Ghaddar., 2013; 
Shi et al., 2013; Sullivan et al., 2009). The knowledge scores of the EP group improved 
at follow up only but did not reach satisfactory score; this was explained by contamina-
tion of information through patients and nurses. As head nurses explained afterwards, 
HD unit staff was blinded to study protocol so when patients were left with no interac-
tion from the research team for 6 months for follow up, nurses assumed that the study 
was over, and photocopied the educational material from the DD group and distributed 
them to the EP group. This explains the superiority of the DD protocol and the effect of 
patients being educated by the dietitian and not by other health care providers. 
 As for the patients in the THD group, their knowledge also improved but only at 
follow up. A plausible explanation is that the dietitians in these hospitals, who were 
trained to educate the patients, did upgrade their nutrition educational methods after 
the training and possibly increased the frequency of their educational sessions with HD 
patients; but they did this for much shorter duration and in a less structured manner 
compared to the research team, thus achieving improvement in 12 months and not in 
6. This explanation is supported by our data (not yet published) which showed that THD 
dietitians visited the patients at best once a month. The slower pace or the smaller 
effect in the THD group was expected, since the dietitians in this group had within their 
job description many other duties in the hospital in addition to the HD patients. 
 The improved knowledge of DD group patients led to a change in behavior and 
progress to the TTM stage of “Action” at post intervention. Even though EP and THD 
patients achieved some improvement in knowledge at follow up, our results clarify that 
distributing educational material can only improve knowledge but not change behavior. 
This is in line with several review articles focused on effective adherence methods 
among HD patients (Matteson et al., 2010; Karavetian Mb et al., 2013; Mason et al., 
2008). In their findings, it is evident that education may improve knowledge but not 
necessarily behavior; emphasizing long term individualized and intensive education as 
the key to success. Our data also support the importance of continuous follow up, with 
reinforcement of information. Dietary lifestyle change is difficult to maintain over long 
periods of time; restricted diet on the long term has shown to be correlated with de-
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pression (Morey et al., 2008) and thus lead to relapse to old behavior. Patients need 
constantly to be reminded of the benefits of the new behavior to maintain it.  
 The Academy of Nutrition and Dietetics stated in a position paper that there is 
strong evidence for the beneficial effect of dietary education with behavioral theory in 
improving dietary adherence (Spahn et al., 2000). Furthermore, Matteson and Russell 
(2010) reviewed the literature on interventions that improve HD patient adherence, 
and concluded that integration of behavioral theory in patient education is highly effec-
tive and should be considered the method of education of the future. Our findings were 
in line with these review results. Our nutritional psycho-education helped patients 
improve serum P significantly, thus providing an objective evidence on the effective-
ness of the DD protocol over the other 2. None of the other 2 groups showed any 
change in serum P. This and the lack of improvement in TTM stage direct us to see the 
inadequacy of the existing practice and that of the trained hospital dietitians. When 
dietitians are not provided sufficient support from administration, they won’t be able 
to increase the frequency of their counseling sessions. 
 Needless to say that the special design of the educational material used in the DD 
group intervention had a strong positive effect on the results. The material empowered 
patients and was tailored to their stage of readiness to change and targeted multiple 
aspects of learning. The THD and EP group were not provided with that material till 
after the follow up phase. Thus, their dietitians used random educational material to 
educate their patients. Preparing effective educational material culturally fit to the 
specific patient population needs excellent knowledge of the topic, time, effort and 
access to literature; all of which are difficult to find among dietitians who are not spe-
cialized in renal care and are overwhelmed with various duties in the hospital; which is 
the case of Lebanese dietitians managing HD patients (Karavetian Mb et al., 2013).  
 The challenge of having patients follow a P restricted diet without driving them 
towards a protein restricted diet, which can lead to malnutrition and exacerbate the 
disease. Our results of dietary P density analysis, measured through P/Protein ratio, 
were maintained almost within the normal levels in the DD group. This demonstrates 
that even though the DD group restricted their P intake, evidenced by the drop in se-
rum P, they were able to maintain a sufficient protein intake. The educational material 
used, had a large part of it focused on the P/protein balance, and helped patients iden-
tify the low P alternative of foods. Other similar studies also noted teaching patients’ 
safe alternatives of restricted food items as a facilitator to dietary adherence (Kara-
vetian and Ghaddar, 2013; Sullivan et al., 2009; Lou et al., 2012) 
 Often, patients complain that the dietary restrictions are too complicated to under-
stand and leave them almost no options of allowed food (Breiterman, 2004). Our edu-
cational material did not only tell the patients what not to eat, but informed them on 
the safe alternatives, and how they can prepare them, so they do not feel deprived 
form their customary and traditional meals. The booklet of alternatives and the recipe 
books were highly valued among our patients. We suppose that this was because the 
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information in these tools were easy to follow and gave practical information that facili-
tated adherence to the P restricted diet. Chan et al (2012) confirmed the benefit if 
using easy to follow information over behavioral change. All of the 3 groups had an 
elevation of the P/protein ratio at follow up, and this change was significant among the 
DD and THD groups. This may be explained by the seasonal change. The last months of 
the 12 months duration study were winter where people tend to eat more than usual 
due to the cold weather (Lloyd et al., 2013). Since In Lebanon a highly consumed food 
item is dairy (Karavetian and Ghaddar, 2013), which is also high in P, we suppose that 
the increase in P/prot ratio is due to the increased consumption of food and especially 
dairy.  
CONCLUSION 
The results of the study indicate that a 6 month long intensive individualized stage-
based nutrition education through a 2 hour per month dietitian-to-HD patient time 
leads to significant improvement in P among HD patients. This method can serve as a 
model to follow in HD units in Lebanon and other countries with similar health care 
systems. Its adoption may be the pillar of change towards better nutritional manage-
ment in the HD unit. 
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CHAPTER 7 
The Nutritional Education for 
Management of Osteodystrophy (NEMO) 
Trial: Impact on Quality of Life and 
Malnutrition status 
 
Submitted for publication as : Karavetian, M., El Zein, H., Jibai, R., De Vries, N. The Nu-
tritional Education for Management of Osteodystrophy (NEMO) Trial: Impact on Quality 
of Life and Malnutrition status. 
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ABSTRACT 
Osteodystrophy management includes dietary phosphorus (P) restriction which leads to 
limiting protein intake; this often exacerbates the malnutrition–inflammation syndrome 
(MIS) among hemodialysis (HD) patients and consequently the health-related quality of 
life (HRQOL) and hospitalization. The aim of this study is to assess the effect of inten-
sive nutrition education focused on P-to-Protein balance, on MIS and HRQOL. It was a 
multi-center parallel group randomized control trial involving twelve HD units from 
Lebanon randomly assigned to the cluster A (n=6) and cluster B (n=6) and including 210 
participants in cluster A and 184 in B. Cluster A patients were assigned to the Trained 
Hospital Dietitian protocol (THD) protocol, and cluster B patients were randomly as-
signed according to their HD shifts to either Dedicated Dietitian (DD) or Existing Practice 
(EP) protocols. DD protocol included individualized stage-based nutritional education, 
focused on dietary phosphorus (P) and protein management, with duration of 2 
hour/patient/month for 6 months by dedicated renal dietitians. The THD protocol: 
education given by the trained hospital dietitian without a set protocol; the EP: usual 
care where hospital dietitian is blinded to study. Serum P (mg/dl), MIS, HRQOL and 
length of hospital stay (LOS) (days) were measured at baseline (T0), at 6 months (T1) 
and in the 12 month (T2) post intervention. The study significantly improved serum P 
only in the DD group (T0= 5.55±1.57, T1= 5.11±1.43) and Mental Health domain of 
HRQOL at T2. Significant MIS deterioration was prevented only in the DD group at T1 
but the score significantly increased for all groups at T2. All groups experienced a signif-
icant drop in LOS (around 1 day from T1 to T2). The DD protocol was superior over the 
others in improving serum P and slowed the decline of malnutrition and HRQOL. 
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INTRODUCTION 
Hyperphosphatemia is highly prevalent among hemodialysis (HD) patients (Yokum et 
al., 2008). Its management includes dietary phosphorus (P) restriction which needs to 
be balanced with a high protein intake to prevent malnutrition; a true challenge since 
all sources of protein are rich in P (Mathewson et al., 2010). As a consequence, the 
malnutrition–inflammation syndrome (MIS) is a common condition among HD patients 
(Kalantar-Zadeha et al., 2001). It represents the vicious cycle where inflammation leads 
to malnutrition (drop in appetite and increased catabolism) and vice versa. MIS is the 
main reason why overweight is better than underweight, and why low Body Mass Index 
(BMI) and low serum cholesterol increase the risk of mortality among HD patients 
(Kalantar-Zadeh et al., 2004; Rambod et al., 2009). MIS, in turn, is a strong pre-
determinant of low health-related quality of life (HRQOL), hospitalization and morbidity 
(Covic et al, 2004; Mazairac et al., 2011; Kalantar-Zadeh et al., 2004; Rambod et al., 
2009; Zabel et al., 2009). HRQOL is a multidimensional concept that reflects a patient’s 
perceived well-being and functioning in physical, psychological and social domains of 
health (Mazairac et al., 2011; Gabbay et al., 2010). HRQOL scores are between 0 (death) 
and 100 (perfect state of health) (Kalantar-Zadehb et al., 2001), where a healthy person 
mainly scores 95 (De Wit et al., 2002). HD patients seem to have lower HRQOL scores 
(40 – 70) when compared to the general population, with a lower upper bound in spe-
cific countries (e.g. 38– 53 in Iran, Aghakhani et al., 2012).  
 One way of controlling MIS is dialysis, whereby the accumulated toxins, mainly 
blood urea nitrogen (BUN), are cleared out of the blood (McCann, 2009). Thus an ade-
quate dialysis, if achieved, helps HD patients regain appetite and prevent MIS (Toigo et 
al., 2000). One of the barriers to adequate dialysis is dietary incompliance causing in-
creased load of toxins in the blood above the possible clearance limit. Studies have 
shown that dietary adherence is achieved when patients are consulted frequently by 
the renal dietitian (AND –EAL, 2010) 
 In Lebanon, HD units are exclusively hospital based. The HD units do not have dedi-
cated dietitians, but the hospital dietitian is required to provide nutritional education to 
these patients among other duties in the hospital. Karavetian et al. (2013) report on the 
high workload of these dietitians who fail to sufficiently consult HD patients and lack 
optimal competencies required for optimal management of HD patients.  
 The aim of the NEMO trial (Nutritional Education for Management of Osteodystro-
phy) was to assess the effect of an intensive individualized nutrition education, provid-
ed by a dedicated renal dietitian, on MIS and HRQOL, among HD patients.  
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METHODS 
NEMO is a randomized control multicenter trial in 12 hospital based MHD units, of 
which 6 were randomly assigned to the cluster A, and 6 others to the cluster B. Cluster 
A patients were assigned to a Trained Hospital Dietitian (THD) protocol. As for patients 
of Cluster B, half of them in each unit were randomly selected according to their dialysis 
shift and assigned to the Dedicated Dietitian (DD) protocol and the other half to the 
Existing Practice (EP) protocol; thus having 2 different protocols in each HD unit in Clus-
ter B. Hospital and patient selection criteria, randomization method and group baseline 
characteristics are detailed in Karavetian, (2014). After attrition, the number of patients 
in each cluster was: Cluster A (n=210) and Cluster B (n=184; DD n =88, EP n=96).  
Protocol per study group 
Trained Hospital Dietitian: This group represents the partial intervention of this study. 
The general hospital dietitian, responsible for the selected hospital’s HD unit, was 
trained by the study’s principal investigator (PI) on renal dietetics. The dietitians were 
then asked to educate their HD patients with a focus on management of hyperphos-
phatemia without a set of further educational protocol or tools provided. They were 
informed that their work in the HD unit would be monitored by the PI for 6 months. 
There was no control in this group since it was not possible to ask the hospital dietitian 
to provide patient care of different standards to the HD patients of that hospital.  
 Dedicated Dietitian: This group represents the full intervention of the study. Pa-
tients were educated by 5 externally recruited research dietitians who were clinicians 
and trained by the PI as those of the THD. The patient education protocol included 
individualized nutrition education on management of hyperphosphatemia. Dietitians 
met with the patients twice a week for 15 minutes each, for 6 months, adding up to a 
total of 12 hours of education per patient. The education was tailored to the stage of 
readiness to change of each patient using the Trans Theoretical model. During the 1st 
weekly session, the theme of the week was introduced; in the 2nd weekly session, it 
was reinforced. Details of the education are explained in Karavetian, El Zein et al 
(2014?). 
 Existing Practice: In the control group, patients did not receive any intervention by 
the research team; they continued receiving dietetic care as per existing practice of the 
hospital dietitian who was blinded to the study protocol. 
Outcome Measures 
Data were collected at baseline (T0), post intervention (T1= T0 + 6 months) and at fol-
low up (T2= T1 + 6 months). This was conducted in all groups by the research dietitians 
under the supervision of the PI.  
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Serum P (mg/dl) was collected from all patients throughout the 6 months prior to each 
measurement; the average of the 6 months was computed to give information on the 
effect of the dietary behavioral change of each study phase.  
 Urea Reduction Ratio (URR): an indicator of dialysis adequacy, was calculated from 
BUN (mg/dL) before and after the dialysis session: URR: 100*(1-post BUN/pre BUN). 
Optimal URR (≥65%) indicated at least 65% of the urea clearance by the dialysis session 
(McCann, 2009). BUN being the direct metabolite of dietary protein in the blood 
(McCann, 2009), pre-dialysis BUN was used to detect adequacy of dietary protein in-
take; knowing that the acceptable range of pre dialysis BUN for renal failure patients is 
60-80 mg/dl (McCann, 2009). Pre and Post BUN were collected for 6 months prior to 
each study phase and averaged for each measurement moment.  
 Anthropometrics: To establish an objective measure of nutritional status, anthro-
pometrics were studied. Post dialysis weight (dry weight in kg) of patients was taken at 
T0, T1 and T2 by the hospital nurses and it was recorded by the research dietitians. 
From the 3 scores of weight collected per patient, weight change (Δwt) was calculated 
for each posttest: Δ wt1: wt T1- wtT0, Δ wt2: wtT2- wtT1. Height (cm) was taken at T0 
only by research dietitians using the forearm length (Mc Cann, 2009). It is the length 
between the elbow and the prominent wrist bone. Height was determined using a chart 
provided in McCann (2009). This method was used since it is a standardized valid 
method and can be carried out even when the patient is being dialyzed. Moreover, 
wrist size (cm) was measured by research dietitians at T0. Height, wrist size, gender and 
age were used to estimate standard body weight (SBW) of patients through a chart 
(McCann, 2009). 
 Health Related Quality of Life (HRQOL) was measured using the short-form health 
survey (SF- 36) (Ware et al., 1992). It assesses eight health states: 1) physical function-
ing (PF) (10 items and 21 levels); 2) limitation in role physical (RP) (usual role activities 
(4 items and 5 levels); 3) social functioning (SF) (2 items and 9 level); 4) bodily pain (BP) 
(2 items and 11 levels); 5) general mental health (MH) (5 items and 26 levels); 6) role 
limitation due to emotional problems (RE) (3 items and 4 levels); 7) vitality (4 items and 
21 levels); and 8) general health (GH) (5 items and 21 levels). Scoring of items in each 
health state was done by summing up the scores of the Likert scale ratings. High scores 
of each health state indicated better level of that specific aspect (Ware et al., 1992). 
The final score ranged between 0 (death) and 100 (full life). The Arabic, culturally spe-
cific and validated version of QOL was used (Karavetian et al., 2007). 
 Percent Daily Protein Intake was assessed through 24 hour recall, collected from 
patients on 3 nonconsecutive days of the week at each study phase. Content of protein 
(g) was calculated using the renal exchange system (McCann, 2009) and the USDA (ver-
sion 25) database. Edible portion of the food was analyzed. The average value of the 3 
days was taken to represent the actual daily protein intake of each patient. Daily pro-
tein need was calculated by multiplying 1.2g with SBW (kg) (McCann, 2009). And finally, 
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the % Daily Protein Intake (compared to need) was calculated using the below formula: 
Actual daily protein (g) intake /daily protein (g) needs *100. 
 Malnutrition Inflammation Score (MIS) was measured at T0, T1 and T2 using a 
comprehensive scoring system adapted from Kalantar-Zadeha et al. (2001). MIS has 
been shown to have significant associations with prospective hospitalization and mor-
tality as well as measures of nutrition, inflammation, and anemia in MHD. The Interna-
tional Society of Renal Nutrition and Metabolism (ISRNM) Expert Panel recommends 
using MIS as predictor of protein energy malnutrition indicator among patients with 
kidney failure (Fouque et al., 2008). MIS has 10 components each with four levels of 
severity (0 -3) 10. The total score ranges from 0 to 30: 0 (normal), 1-10 (mildly malnour-
ished), 11-20 (moderately malnourished) and 21-30 (severely malnourished). The scor-
ing sheet consists of four sections: (A) Patients’ medical history that includes change in 
dry (post dialysis) weight (overall change in past 3-6 months), dietary intake, gastroin-
testinal (GI) symptoms, functional capacity (nutritionally related functional impair-
ment), co-morbidity and dialysis vintage, (B) physical examination that consists of as-
sessment of subcutaneous body fat (below eyes, triceps, biceps), and signs of muscle 
wasting (temple, clavicle, scapula, quadriceps, knee, inter-osseous). (C) Body Mass 
Index BMI = Dry wt (Kg) / Ht2 (m), and (D) laboratory parameters: Serum albumin (Alb) 
and serum total iron binding capacity (TIBC) (Kalantar-Zadeha et al., 2001; Rambod et 
al., 2009). 
 Hospitalization was collected from patients’ medical files as the number of days 
each patient was hospitalized including emergency and regular ward days: length of 
stay (LOS). The cumulative value for LOS was calculated for the 6 months prior to each 
study phase. Additionally, number of times a patient needed emergency dialysis was 
retrieved.  
Statistical Analysis 
Collected data was entered into the Statistical Package for Social Sciences (SPSS) ver-
sion 16. A 0.05 significance level was utilized.  
 The effect of each protocol between the 3 study phases (T0, T1, T2) within the 
same treatment group was studied using the general linear model (GLM) repeated test 
ANOVA. Afterwards, Post Hoc Bonferoni test was carried on, to test the differences in 
means for all possible pairs (T0 &T1, T0&T1, T1&T2) within the treatment condition. 
Paired t-test was used to analyze the change of weight between Δwt1 and Δwt2. One 
way ANOVA was used for between group differences, and Post Hoc Bonferoni test was 
carried on to study the differences in means for all possible pairs within the study 
phase. 
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RESULTS 
The following number of patients provided sufficient data to be included in the statisti-
cal analysis DD (n=88), EP (n=96), THD (n=210).  
 Baseline data are detailed in Karavetian M et al. (2014); below is a summary of the 
significant group differences at baseline. Serum P (mg/dl) was significantly higher in the 
DD group (5.57 ± 1.53) compared to the EP (5.39 ± 1.48) and THD (5.17 ± 1.44) groups. 
At baseline the MIS score of the DD group (7.2±3.37) was significantly higher than that 
of the other 2 groups, but all groups had an MIS <10 (mildly malnourished), thus there 
was no clinical difference. As for HRQOL domains, the only significant differences were 
noted in 2 domains: 1) physical functioning where the DD group had the lowest score 
(52.32±34.59) compared to the EP (59.6±31.91) and THD (64.47±32.25) and in 2) social 
functioning where the THD group had the lowest score (70.4± 31.79) compared to DD 
(81.14±30.13) and EP (81.6±29.21). As for the adequacy of dialysis; calculated URR was 
>65% for most patients at all times (data not included in tables).  
 Table 1 shows the between and within group difference for study parameters. The 
groups with significant difference were undergone further post hoc analysis to identify 
the contributing pairs for the significance.  
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Table 1. Effect of NEMO trial on study parameters 
Values are shown in mean ±SD  
ab superscripts (in columns) indicate within group significant differences using GLM-repeated measure ANOVA 
and posthoc Bonferoni test (p<0.05). 
¥£ superscripts (in rows) indicate statistical difference between different groups using One way ANOVA and 
posthoc Bonferoni test (p<0.05). 
 
The within group difference showed that the intervention significantly improved serum 
P of the DD group (Table 1): there was a significant elevation at follow up, but the value 
did not surpass the normal limits of serum P set by KDOQI. There were no significant 
changes in the other 2 groups. Between the 3 groups there was no significant differ-
ence at post intervention but at baseline and at follow up the THD had a significantly 
lower serum P than other 2 groups. 
 Within group differences for the MIS score showed that the DD protocol was the 
only that prevented the significant increase of MIS at T1; but at T2 all groups had a 
significant increase of MIS score. The between group difference showed that the DD 
protocol had the highest MIS score at T0; this significant difference disappeared at T1. 
At T2 the EP had significantly the highest MIS score, followed by the DD and then the 
 DD (n=88) EP (n=96) THD (n=210) Between group 
analysis P Value 
Serum P (mg/dl)     
T0 5.55 ± 1.57a (¥) 5.35 ± 1.48 (¥£) 5.18 ± 1.49a (£) 0.027 
T1 5.11 ± 1.43b 5.30 ± 1.56 5.05 ± 1.49a 0.462 
T2 5.29±1.67ab (¥£) 5.64 ± 2.03 (¥) 5.13 ± 1.51a (£) 0.036 
Total MIS Score     
T0 7.26 ± 3.51a (¥) 6.62 ± 3.16 a (¥£) 6.07 ± 3.90a (£) 0.07 
T1 7.68± 3.49a 7.87± 3.50b 7.49± 3.33b 0.606 
T2 9.20± 3.90b (¥£) 9.62± 4.56c (¥) 8.24± 4.07c (£) 0.016 
Protein Intake (%)     
T0 65.72± 5.91a 59.35± 2.98a 56.03± 1.64a  0.125 
T1 50.81±2.48b (¥) 55.06± 2.76a (¥£) 56.87± 1.49a (£) 0.047 
T2 39.76a±1.36c (¥) 38.65±1.39b (¥) 49.87± 1.48b (£) 0.00 
BUN (mg/dl)     
T0 87.43±35.80a 99.16±44.53a 116.56±3.39a 0.460 
T1 81.33±32.58b 94.83±39.53b 109.11±3.27b 0.332 
T2 83.30±31.77ab 96.40±39.82ab 112.44±3.31ab 0.921 
Total HRQOL score     
T0 51± 6.34 52±6.53  50±6.6.30  0.07 
T1 53±7.25 52±7.36 52±6.51 0.17 
T2 51±7.56 51±6.73 52±7.39 0.74 
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THD. However, at all times MIS values for all groups fell within the same malnutrition 
category indicating mild malnutrition. 
 Protein intake dropped significantly throughout the study (Table 1). At baseline, 
actual protein consumption of DD group was 66% and continued dropping during at T1 
and T2. EP started with a 59% and THD with 56% but both significantly dropped at T2. 
The between group comparison showed that at T1, DD group had significantly the low-
est protein consumption and at T2, the THD had the highest. 
 Post intervention patients weight was assessed. The change between Δwt1 and 
Δwt2 was analyzed for significance using a paired t-test. Changes in the DD and EP 
groups were non-significant. The THD group at Δwt1 showed to have a mean weight 
gain of 0.29±2.40kg and at Δwt2 a mean weight loss -0.34±2.90kg; the change between 
the 2 phases was significant. But in general all patients did not gain or lose more than 1 
kg as per the group mean. The between group analysis did now show any significant 
difference. For space limitation table not included.  
 BUN values dropped significantly at T1 among all groups and increased back to-
wards baseline levels at T2. But this drop was not below the acceptable range for HD 
patients (Table 1). The between group analysis did now show any significant difference. 
 There was no significant difference in the total score of HRQOL for the within nor 
for the between group difference; thorough analysis for all the 8 domains of HRQOL 
was conducted, results in Table 2 and explained below. 
Most HRQOL domains had their means around 50-60 at T1 and T2 except for SF, which 
had a mean of around 70 for all the 3 groups. 
 Within group differences showed a significant deterioration in many of the THD 
domains either at T1 or at T2 (PF, RP, RE, MH, BP) and no change in the rest of the do-
mains. As for the DD group, there was significant change only in 4 domains (SF, MH, BP, 
GH) where they either had a minor drop at T1 or stayed unchanged, but they all im-
proved at T2. And finally the EP group experienced a significant change in the course of 
the study in 2 domains (SF, BP) where the SF deteriorated at T1 but improved at T2, yet 
BP deteriorated at T1 and stayed so at T2.  
 The between group analysis revealed the following significant change at post inter-
vention were: 1) SF improved only at T1 for THD group yet at T2, all groups had elevat-
ed yet similar scores; 2) MH at T1 significantly improved as compared to EP and 
achieved the highest score among the 3 groups at T2; 3) GH at T2 was the highest in the 
THD group. 
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Table 2. Effect of NEMO on HRQOL (in-between group analysis) 
    DD EP THD  Between group  
P Value  
PF Pre 55.92 ±34.27 (¥) 63.78±32.53 (¥£) 65.39±32.41a (£) 0.05 
Post 49.08 ±33.67 54.8±31.93 50.03±34.37b 0.97 
FU 54.88±33.91 58.59±34.94 58.67±32.8ab 0.84 
RP Pre 45.38±49.19 48.65±49.12 53.55±49.5a 0.40 
Post 51.54±47.16 47.64±47.57 42.6±48.76b 0.39 
FU 46.54±49.58 41.55±47.59 37.72±44.9b 0.77 
RE Pre 60±48.66 70.72±45.15 65.29±47.05a 0.65 
Post 70.77±45.84 61.04±46.84 58.19±48.66b 0.07 
FU 53.33±6.7 54.5±47.33 41.81±47.6c 0.17 
Vitality Pre 52.69±19.31 50±18.23 48.55±16.71 0.47 
Post 47.46±17.44 47.23±17.48 48.21±16.42 0.82 
FU 53.28±27.76 49.44±26.9 46.52±27.7 0.32 
SF Pre 85.19±27.68a (¥) 85.64±28.79a (¥) 71.08±30.72 (£) 0.01 
Post 58.46±32.26b (¥) 57.77±32.96b (¥) 76.92±29.94 (£) 0.00 
FU 70.19±29.12c 68.41±29.78c 69.23±30.3 0.91 
MH Pre 56.71±16.63a 57.91±19.84 59.2±16.72a 0.33 
Post 56.03±14.23a (¥) 52.49±14.25 (£) 58.4±16.72a (¥) 0.01 
FU 63.91±23.60b (¥) 60±27.23 (¥) 48.77±25.1b (£) 0.00 
BP Pre 76.85±29.57a 77.77±27.44a 79.59±27.07a 0.30 
Post 56.62±36.65b 61.22±33.71b 65.06±33.11b 0.16 
FU 65.12±29.11c 64.59±27.24b 59.53±34.5b 0.86 
GH Pre 57.08±23.88a 56.72±23.17 52.31±21.87 0.37 
Post 47.6±23.92b 51.82±20.98 55.04±23.09 0.08 
FU 50.02±21.07b (¥£) 48.04±21.64 (¥) 54.19±21.7 (£) 0.03 
Values are shown in mean ±SD  
ab superscripts (in columns) indicate within group significant differences using GLM-repeated measure ANOVA 
and posthoc Bonferoni test (p<0.05). 
¥£ superscripts (in rows) indicate statistical difference between different groups using One way. 
 
Table 3 shows the comparison between the mean of LOS between the 3 study phases 
for each group throughout the study. Overall, none of the groups had a mean LOS more 
than 3 days at any of the study phases. Moreover, all groups experienced a significant 
drop in mean LOS at T2. The mean number of times a patient needed emergency dialy-
sis was much below 1 time per patient in the 6 months in all of the 3 study groups (not 
shown in tables). 
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Table 3. Effect* of NEMO on LOS (in days) 
  DD group (n=88)  EP group  
(n=96)  
THD group (n=210)  Between 
group P 
value   mean ± SD min/max mean ± SD min/max mean ± SD min/max 
T0 2.08 ± 6.44a 0/59 2.29 ± 6.92a 0/60 2.23 ± 5.91a 0/44 0.78 
T1 2.74 ± 5.80ab (¥) 0/86 2.30 ± 7.93a (¥) 0/33 0.85 ± 2.70b (¥£) 0/18 0.00 
T2 0.91 ± 3.47ac 0/20 0.78 ± 2.86b 0/32 1.06 ± 5.16b 0/72 0.81 
Values are shown in mean ±SD  
ab superscripts (in columns) indicate within group significant differences using GLM-repeated measure ANOVA 
and posthoc Bonferoni test (p<0.05). 
¥£ superscripts (in rows) indicate statistical difference between different groups using One way ANOVA and 
posthoc Bonferoni test (p<0.05). 
DISCUSSION  
Intensive nutrition counseling by dedicated dietitians in the HD unit in Lebanon was 
able to: improve serum P, LOS and BUN; maintain weight; but deteriorated dietary 
protein. As for HRQOL and MIS, the intervention minimized the deterioration when 
compared to the other groups. 
 The intensive nutrition education by a dedicated dietitian was able to guide pa-
tients to a healthy P restricted diet, whereby the DD protocol was the only one that 
achieved a significant reduction of serum P at T1, and this was almost maintained at T2. 
 Restricting dietary P often leads to restricting protein intake, an undesirable out-
come for HD patients who are constantly in high risk of malnutrition. The different 
protocols used in this study were not able to improve malnutrition status in any of the 
groups, but the MIS deterioration was prevented by the DD protocol at T1, this effect 
was diminished at T2. This highlights the importance of having a dedicated dietitian at 
all times in the HD units. A major limitation of our study concerning the MIS score was 
the unavailability of monthly Alb and TIBC, integral parts of the MIS questionnaire, 
since these are collected either once or twice per year per patient in Lebanon in the HD 
units. Since the aim of the study was to check only the effect of DD protocol on the 
clinical outcomes of the patient without changing any other parameter in the HD unit, 
the research team depended on the available blood tests in the chart of the patients. 
Thus, at best, there was 1 value for each blood test per study phase. This might have 
contributed to some inaccuracy in the MIS scores.  
 Moreover, dietary protein was evaluated, through 24 hour recall; its levels contin-
uously dropped in all groups throughout the study. Knowing that 24 hour recall is a 
subjective assessment tool and is often filled with error and bias (Burrowes et al., 
2003), weight change was analyzed between the study phases. The mean change in 
weight for each group at all study phases never surpassed 1 kg, leading us to believe 
that the nutritional status was not compromised. But one can speculate that the main-
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tained weight may be due to patients replacing fat for muscle (protein). Hence we de-
termined Pre-dialysis BUN, an objective indicator of protein intake, which showed that 
even though all groups experienced a drop at T1, none of the values at any point in the 
study for any of the groups reached suboptimal levels. This helped us conclude that the 
dietary P restriction did not lead to a subsequent poor protein intake, and that our 
patients understood how to manage a diet maintaining the adequate Phosphorus to 
protein ratio.  
 A review in search of effective tools for dietary assessment in dialysis patients was 
conducted by Mathewson et al. (2010). The authors explained that 24 hour recall relies 
on the patients' ability to remember how much food was consumed and report it accu-
rately. It underestimates actual intake; even when conducted by a trained interviewer, 
it can generate a variability of 31% to 79% in the mean daily intake of dietary nutrients. 
As for the 3 day recall, the variability range is 16.5% -20%. The review concluded that 
dietary assessment methods should be replaced with appetite screening tools, which 
are faster to use and produce less variation and inaccuracies and distinctly show chang-
es in general dietary intake and habits. 
 The only significant HRQOL improvement at T2 compared to baseline was in the 
mental health domain in the DD group. The association between improvements in 
mental health with lower hospitalization rates among HD patients was also reported by 
Kalantar-Zadehb et al. (2001). All other HRQOL domains deteriorated for all 3 groups 
over the course of the study, but this decline was less in the DD group. These findings 
were in line with that of Aghakhani et al. (2012) and reveal the strength of the DD pro-
tocol over the other 2, in reversing the ongoing deterioration of QOL seen among HD 
patients over time as reported in the literature (Kalantar-Zadeh K & Unruh M, 2005).  
 While conducting the survey, the research team faced a limitation in the HRQOL 
questionnaire and its applicability in the Lebanese culture. Most Lebanese are religious, 
interpreting sickness as “fate” and “will of God”. When asked to rate their health, many 
of our patients used the word “Thank God” which was difficult to score. Patients were 
probed to choose one of the answers as stated in the questionnaire; often they con-
cluded “With God’s Will All is Good”. This answer was translated to a “good” score for 
the related HRQOL domain. Such impact of religious beliefs blunting HRQOL differences 
among the chronically ill have been reported in the literature among other cultures as 
well (Buchholz, 1996). Further validation of the instrument in religion oriented cultures 
is recommended. 
 LOS for our patients dropped significantly at T2 in all study groups, and at all times 
the mean LOS per group did not reach 3 days. This is far below the average LOS (days/ 
patient/year) reported in the literature for this patient group, which varies from 8.5 
(Schoonover et al., 2013) to 8.8 (Rocco et al., 1996), 10.5 (Becker et al., 1999), 14.8 
(Funiaková et al., 2004 and Arora et al, 2000), up to 17.8±12.6 days (Utiel et al., 2011). 
Published articles have illustrated how hospitalization is the result of multi-factorial 
problems yet the NEMO study concentrated on nutritional education and controlled 
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variables related to the dietetic care only. The literature has shown that dialysis access 
is considered as the leading cause of hospitalization among HD patients (Funiaková et 
al., 2004; Jones, 1991; Arora et al., 2000; Jones, 1992; Utiel et al., 2011); after which 
comes CVD (Utiel et al., 2011; Funiaková et al., 2004; Jones, 1992; Arora et al, 2000; 
Rocco et al., 1996; Jones, 1991) and diabetes (Becker et al., 1999; Arora et al., 2000; 
Rocco et al., 1996). Other factors included: 1) lower serum albumin (Kaysen et al., 2004; 
Arora et al., 2000; Rocco et al., 1996), 2) low serum P and protein levels (Jones, 1992; 
Jones, 1991), 3) arthritis (Jones, 1992; Jones, 1991), 4) decreased physical activity (Aro-
ra. et al., 2000;Rocco et al., 1996) , 5) white race (Arora et al., 2000; Rocco et al., 1996), 
6) increasing age (Arora et al., 2000; Rocco et al., 1996), 7) smoking (Rocco et al., 1996; 
Arora et al., 2000), 8) lower functional status scores (Jones, 1992, Jones, 1991), psychi-
atric disorders, lung disease (Jones, 1991), 9) insurance related organizational deficien-
cies (Arora et al., 2000), 10) negative hepatitis antigen (Jones , 1991; Jones, 1992), 11) 
GI and not-fistula access related infection (Funiaková et al., 2004; Utiel. et al., 2011) 
and 12) low BMI (Kaysen et al., 2004). Controlling or studying all of the risk factors for 
hospitalization among HD patients was beyond the study’s focus, thus it is difficult to 
draw a cause and effect line between the NEMO study and the drop in hospitalization 
in all study groups, especially since EP also showed the same effect. But the outlier LOS 
of this study compared to the literature may be explained by the differences in practice 
patterns of health care stuff in Lebanon, which is controlled by the overall management 
protocols imposed by the third party payers in the country. Dialysis is covered by the 
governmental insurance for all nationals, but hospitalization is covered by each pa-
tient’s insurance coverage. In Lebanon, there are 2 types of insurance: private and 
governmental, the latter being the cheaper one. With the exception of very few, all 
participants depended on the governmental insurance. Due to budget limitations of 
their insurance, often physicians are compelled to solve cases without hospitalization; 
some patients are treated with medication at home or hospitalization is halted before 
full recovery and treatment is continued at home; moreover, many vascular access 
surgeries are considered same day surgery cases to avoid the cost of overnight stay.  
 The intensive dietetic consultation to HD patients focused on hyperphosphatemia 
management was able to improve serum P, prevent deterioration of malnutrition and 
HRQOL. As for LOS, the improvement was not specific to the group receiving the full 
intervention.  
 The 6 month dietary education (NEMO) achieved significant success but it has its 
limitations. Recommendation for future studies would be: 1) integrating multidiscipli-
nary approach, 2) using appetite screening questionnaire instead of 3 day diary, 3) 
conducting blood test analysis for parameters needed for the study at the specific tim-
ings of the study, 4) longer intervention and 5) involving policy makers into a quality 
improvement plan on the health care and non –healthcare related aspects of manage-
ment HD patients in Lebanon.  
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GENERAL DISCUSSION 
The present thesis dealt with the development of two educational modules; one to 
empower dietitians on renal nutrition standards and another to be used by a compe-
tent renal dietitian to educate HD patients on hyperphosphatemia management.  
 The concept was built on a few critical building blocks: 1) a pilot study was devel-
oped, where a renal dietitian educated half of the patients in the HD unit on dietary 
management of hyperphosphatemia; the findings of this pilot revealed the need for a 
thorough needs assessment and a larger sample study thus 2) a cross-sectional study 
on the dietetic practices in the HD units in Lebanon and their knowledge in managing 
HD patients. This was compared to KDOQI nutrition guidelines (NKF-KDOQI, 2000); thus 
representing the gap analysis in the dietetic competencies; moreover, 3) a literature 
review was done on the most effective strategies in nutrition education for this specific 
patient population with a focus on hyperphosphatemia; after which 4) a focus group 
analysis was done with HD patients and dietitians working with these patients, to iden-
tify the window of opportunity in improving the dietetic practices and patient adher-
ence to treatment; 5) subsequently the study protocol and the educational material 
were prepared for empowering dietitians first and then patients. The effectiveness of 
the protocol and educational material were examined in chapter 6 and 7. All chapters 
included discussion, limitations and future recommendations for further research. 
Part 1: Pilot study: Nutritional education for the management of osteodystrophy 
(NEMO) in patients on haemodialysis: a randomized controlled trial (Karavetian & 
Ghaddar, 2013). 
This study was a small scale randomized controlled trial on 122 patients divided into 3 
groups that examined the effect of self-management dietary counseling on adherence 
in hyperphosphatemia management among HD patients. This study represented the 
pilot of the current thesis. The results of the study showed the importance of such an 
intervention, since the full intervention participants were the only ones that experi-
enced a significant improvement in serum P and knowledge on dietary restrictions 
needed to achieve self management.  
Part 2: Dietetic Practices in HD Units in Lebanon and Their Conformity with KDOQI 
Nutrition Guidelines (Karavetian et al., 2013) 
This study was the first to address practice patterns and knowledge of KDOQI nutrition 
guidelines in the management of HD patients by dietitians in Lebanon. Results show 
that the dietitians responsible for management of HD patients had multiple hospital 
duties, were very young and almost 50% had only 2 years of experience. The described 
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situation highlights high turnover due to work overload, exhaustion and thus job dissat-
isfaction; a scenario very similar to the one described in the literature (Wolfe, 2012). 
 Moreover, the participating dietitians had adequate university education in general 
dietetics but scored low on renal dietetics related knowledge. This can be explained by 
the lack of advanced trainings for dietitians to specialize in renal dietetic care as part of 
their general internship. A certifying body for such specialization found in countries like 
the United States (US) is non-existent in Lebanon. Taking the US as a country model to 
follow, where KDOQI standards were developed and renal dietetics is a specialty pro-
vided by a national certifying body, the standards of practice among Lebanese dietitians 
was benchmarked with KDOQI guidelines and compared to the practice level of US 
dietitians. Results showed that 97% applied at least one guideline compared to that of 
91% in US (Burrowes et al., 2005); 64% and 36% used 5 and 10 guidelines respectively 
compared to somewhat higher numbers of 72% and 55% in US (Burrowes et al., 2005). 
Five percent applied all guidelines, similar to that in US (Burrowes et al. 2005). This may 
indicate that in the face of all the limitations imposed on Lebanese hospitals, dietitians 
are still trying to update themselves with their own resources and in their own time. 
Dietitians reported barriers to better practice standards as lack of time, lack of integra-
tion in the health care system, lack of support from the physician, lack of ready-made 
culturally sensitive patient educational material in Arabic. Literature has emphasized 
the need of organization wide supporting policies and resources for the improvement 
of health care professionals’ practice standards and thus clinical patient outcome (Ep-
ping-Jordan et al., 2004; Wolfe, 2012).  
Part 3: Determinants of Effective Nutritional Education for HD Patients on 
Hyperphosphatemia Management 
Pubmed, Medline and Embase databases were used to search educational dietary in-
terventions focusing on hyperphosphatemia management among HD patients with 
serum phosphorus (P) as the main outcome variable (detailed in chapter 4). Eighteen 
studies with a structured educational intervention met the inclusion criteria. Except for 
one of them (Karamanidou et al., 2008), all achieved a reduction of serum P and 12 had 
a significant improvement. This reduction ranged from 0.4 mg/dl to 1.6 mg/dl (average: 
1 mg/dl). Eight of the studies (de Brito Ashurst & Dobbie, 2003; Ford et al., 2004; Kara-
vetian & Ghaddar, 2013; Shi et al., 2013; Lou et al., 2012; Baraz et al., 2010; Campbell et 
al., 2009; Nisio et al., 2007) achieved the KDOQI target level of <5.5mg/dl serum P post 
intervention. The review identified enhancers and barriers to educational methods 
needed to achieve optimal dietary P management among HD patients. Demographic 
enhancer included: 1) young age, 2) high educational level and 3) unemployment. 
Moreover, it drew the roadmap to effective dietary education in hyperphosphatemia 
management among HD patients: Individualized education through a multidisciplinary 
team, provided before the HD session, with interactive educational materials that fo-
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cuses on easy-to-learn skills through the use of behavioral theories, for duration of at 
least 6 months, with a minimum of monthly dietitian- to- HD patient meetings. 
 In further search for enhancers of adherence within the culture of the study popu-
lation, focus group discussions were conducted with HD patients and dietitians working 
with renal patients in Lebanon (discussed in chapter 6). Patients highlighted the follow-
ing needs: 1) more self-management skills, 2) information on alternatives of “forbidden 
foods”, 3) frequent dietitian visits and 4) need for practical advice. Dietitian focus group 
results confirmed the findings of chapter 1, where the main barrier to better HD patient 
management was the dietitian’s work overload.  
Part 4: Development of Study Protocol and Educational Material  
According to the findings of the previous parts, the study protocol and educational 
material were prepared. The Trans-Theoretical Model (TTM) was used to construct the 
patient directed educational material. The study had 3 study protocols: Dietitian dedi-
cated (DD), Existing Practice (EP) and Trained Hospital Dietitian (THD). Baseline patient 
characteristics were studied and group differences were analyzed. At baseline 40% of 
participants in all groups had hyperphosphatemia, majority were at the pre-action 
stage for readiness to start the P restricted diet and the frequency of dietitian’s con-
sults amounted to less than once in the 6 months prior to the study.  
Part 5: The Effectiveness of the Intervention on Study Parameters 
The intensive stage based, individualized nutrition counseling by dedicated dietitians in 
the HD unit in Lebanon was able to improve: serum P, TTM stage, the mental health 
domain of the HRQOL and LOS; maintain adequate P/protein ratio, BUN, weight and 
MIS; however, it led to a deteriorated dietary protein %. This change is explained in 
detail in chapter 4 and 5 and summarized in figure 1. 
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Figure 1: Effect of each study protocol 
on all study parameters 
(√ indicates significant improvement; X 
indicates significant deterioration and 
 indicates absence of change). 
 
The intensive education protocol assigned to the DD group was the most effective in 
improving most study parameters. The DD group was the only with improved serum P 
and progressed in readiness to change to “Action” stage. Moreover, the DD group had a 
significant improvement in knowledge score, but a slight elevation in knowledge was 
also seen in the other 2 groups. In the EP group this could be related to contamination 
of information from the DD patients since they shared the HD unit. As for the THD 
group, we assume that the training the dietitians received improved their practice pat-
terns and were able to slightly improve the knowledge of their patients but not the 
behavior.  
 The above mentioned results support our hypothesis; providing brief education is 
not enough to change behavior in this group. Long term intensive, individualized nutri-
tion counseling based on a patient’s readiness to change is effective in increasing 
knowledge and results in lifestyle behavior change and thus clinical outcome improve-
ment. This was in line with the findings of several review articles (Mason et al., 2008, 
Matteson & Russell, 2010). 
 Literature advocates the role of behavioral theories in facilitating dietary adher-
ence (Spahn et al., 2010; Matteson & Russell, 2010). Our findings were in line with the 
literature. Our nutritional psycho-education helped patients improve serum P signifi-
cantly, thus providing an objective evidence on the effectiveness of the DD protocol 
over the other 2.  
 Often, patients complain that the dietary restrictions are too complicated to under-
stand and leave them almost no options of allowed food (Breiterman, 2004). The edu-
cational material used in the DD protocol, not only informed patients what not to eat, 
but informed them on the safe alternatives, and how they can prepare them; thus min-
imizing feelings of deprivation from customary and traditional meals. Similar studies 
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noted this method as a facilitator to dietary adherence (Lou et al., 2012; Sullivan et al., 
2009; Karavetian & Ghaddar, 2013). The booklet of alternatives and the recipe books 
were highly valued among our patients. As a result, patients in the DD group improved 
their serum P but maintained an adequate P/Protein ratio; indicating the smart choices 
they had taken in choosing foods high in protein but low in P. 
 Restricting dietary P often leads to restricting protein intake, an undesirable out-
come for HD patients who are constantly in high risk of malnutrition. The study was not 
able to improve the malnutrition status in any of the groups, but the MIS score did not 
deteriorate and was maintained at “mild malnutrition” for all patients in all groups 
throughout the study.  
 The only parameter that the DD protocol failed to improve was the % Dietary Pro-
tein intake; which was based on the result of a 3 day 24 hour recall. The literature high-
lights on the weakness of the latter for the amount of bias in it and dependence on 
patients’ recall (Burrowes et al., 2003). The reliability of the 24 hour recall was checked 
first with the weight change among participants and second with the serum pre-BUN, 
an objective indicator of protein intake; both stayed almost unchanged all through the 
study. This also supported our conclusion that the dietary P restriction did not lead to a 
subsequent poor protein intake, and that our patients understood maintain the ade-
quate dietary P/protein ratio.  
 The DD protocol was able to improve he mental health domain at T2. All other 
HRQOL domains deteriorated for all 3 groups over the course of the study, but this 
decline was less in the DD group. These findings were in line with that of Aghakhani et 
al., (2012) and reveal the strength of the DD protocol over the other 2, in reversing the 
ongoing deterioration of QOL seen among HD patients over time as reported in the 
literature (Kalantar-Zadeh & Unruh; 2005). A limitation in the applicability of the 
HRQOL questionnaire in the Lebanese population was the difficulty of this religious 
patient group to objectively evaluate health. 
 LOS for our patients dropped significantly at T2 in all study groups, and at all times 
the mean LOS per group did not reach 3 days. This was far below the average LOS 
(days/ patient/year) reported in the literature which varied from a minimum of 8.5 
(Schoonover et al., 2013) to 8.8 (Rocco et al., 1996), to a maximum of 17.8±12.6 days 
(Utiel et al., 2010). This lower LOS may be due to the insurance limitation factor provid-
ed to Lebanese HD patients, which restricts the budget of expenses other than the HD 
session itself; moreover, the medical team’s practice pattern has a leading role on the 
LOS of patients which was beyond the study’s focus to study.  
Limitations of the study: 
The 6 month dietary education (NEMO) achieved significant success but it had its limi-
tations.  
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Sampling 
The strength of the sample was 1) in the way it was calculated: based on a previous 
pilot study conducted on the same population; 2) it total number of study participants 
amounted to 30% of all HD patients in the country, 3) that came from 12 different HD 
units from all major cities of the country. Thus the sample was highly representative of 
the HD patients in Lebanon. Moreover, the initial sample was magnified at the start of 
the study to protect the sample from possible attrition; which was justified by the actu-
al patient attrition: 780 patients were selected from the 12 hospitals, 571 of whom 
entered the study and only 394 completed the study. As for the sample size of THD that 
was double that of DD, this was done to account for the weakness of the former proto-
col; which was proven to be reasonable by the study results: the larger size of THD did 
not serve as an advantage to its results and the only 2 improvements seen in this pro-
tocol were knowledge and LOS, which occurred at T2.  
 The sampling had its downsides. Patients of cluster 1 from the same HD unit were 
assigned into 2 different protocols (EP and DD), which led to contamination of infor-
mation. Sources of such contamination were: posters hung in the waiting room of the 
unit; the nursing staff that heard the research team’s education and consequently mod-
ified their instructions given to patients on diet. Matching between study groups was 
done in HD unit size but not in the rest of the parameters like socioeconomic status 
(SES) and health care staff. After start of the study, the research team noticed major 
differences in the latter 2 aspects.  
 Future studies can prevent these problems by : 1) minimizing exposure of the con-
trol group to the study intervention, 2) educating the participating HD unit’s staff on 
potential harms of transmitting information between groups, 3) matching patients 
between groups on demographic characteristics , 4) focusing on choosing only hyper-
phosphatemics, which would add strength to the results. The latter point was not done 
in the current thesis, because the main objective of the study was to identify a better 
way of practice, realistic to current situations in HD units in Lebanon, so it can pose as a 
model to be adapted for better patient care. 
Tools used: 
The dietetic practice was assessed through a self-administered survey containing ques-
tions with multiple answer choices. The self administration may have caused reporting 
bias and thus affected the results. Moreover, the availability of response choices for 
each knowledge and practice question may have hinted the correct answer to the re-
spondent. Open ended questions are recommended when assessing (Choi & Pak; 
2005). 
 The assessment of dietary intake with 3 day 24 hour recall was one of the limita-
tions in the methodology. A review of relevant literature was conducted by Mathewson 
et al. (2010); it reported that this tool underestimates actual intake by up to 80% and 
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that this dietary assessment methods should be replaced with appetite screening tools, 
which are faster to use, produce less variation and inaccuracies, and distinctly show 
changes in general dietary intake and habits. 
 LOS was retrieved from patient files at T0 and T2. But since most patient files on 
this aspect were not filled accurately, the HD unit’s head nurse was the main reference. 
As for the data at T1, since the research dietitians were present all the time in the HD 
units of the EP and DD groups, they retrieved the information directly from the patient 
on the day of the hospitalization, thus in this phase in these 2 groups, LOS was repre-
sented more accurately. This difference of data collection did not exist in the THD 
groups since the research dietitians were not there so data continued to be retrieved 
from patient files. For future studies, the presence of the research team in all hospitals 
at all times would be recommended, which however needs a larger budget. 
 Results of blood tests were collected from patient files, and these were done ac-
cording to the financial availability and policies imposed by the ministry of health on 
the HD units. It was not possible to collected Alb and TIBC in the required frequency 
since they were measured only twice or at best 3 times a year per patient, thus what-
ever was available closest to each data collection phase was used as the Alb and TIBC 
representing these patients. Moreover, for a more accurate inflammation assessment, 
C-reactive protein would have been ideal to be collected, but due to budget re-
strictions, the study was based on blood tests available in the HD units.  
 The study was pure nutritional and did not involve any other disciplines in the pa-
tient education process. Integrating multidisciplinary teams in the patient education 
and health care would have increased the chances in improving MIS and more domains 
of HRQOL. 
 As for the effect of stage based education; it is difficult to point out whether the DD 
protocol was superior over the others due to its intensity or the competence of the 
renal dietitian or the used of the special patient education material or the use of TTM. 
The integration of the TTM into the patient education was easy to conduct and the 
actual patient education process passed smoothly where patients were content; but to 
identify the actual effect of the TTM, a different study should be conducted where 2 
groups would be provided a patient education protocol where the only difference 
would be stage matched and non staged matched education, controlling the rest of the 
variables.  
 The only evaluation for the study was outcome evaluation, process or impact eval-
uation was not done due to resource limitations. The PI throughout the study, continu-
ously conducted informal process evaluations and upon need modified some minor 
aspects in tools used or training given to dietitians so the intervention meets its main 
study objectives. Moreover, informal impact evaluation was also conducted; patients of 
the DD protocol did express fondness to the research team and how it was pleasant to 
be visited frequently by a dietitian, who educated them, gave them feedback on their 
daily activities and advice on lifestyle. Unfortunately, both process and impact evalua-
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tions were conducted informally with no survey or documentation. Future studies 
should integrate within their outcome measured impact and process evaluations which 
may direct researchers on improving study protocols to better serve the target patient 
population. 
Implications 
Implication for Future Practice:  
Our results clearly showed that the current status of dietetic services in HD units in 
Lebanon is far from KDOQI standards; moreover, HD units do not have a dedicated 
renal dietitian for the unit as is the ADA recommendation. The supply of dietetic ser-
vices and demand of renal patients is not in balance. The role of the MOPH is critical in 
improving the current status. The following are steps suggested by the research team 
of this study: 1) provide specialized training to dietitians on KDOQI standards, 2) con-
sider renal dietitians as key health care professionals in the management of HD pa-
tients, 3) integrate the standards of dietetic care of renal patients n the accreditation 
standards of hospitals, and 4) allocate budget for employing renal dietitians dedicated 
to the HD unit.  
Implication for Future Research:  
Recommendation for future studies would be: 1) A better separation of the EP group 
from the DD to prevent contamination of data, 2) better selection of patients and HD 
units, using demographic matching between groups, 3) using appetite screening ques-
tionnaire instead of 3 day diary, 4) conducting blood test analysis for parameters need-
ed for the study at the specific timings of the study, 5) integrating multidisciplinary 
approach 6) conducting a cost-effectiveness analysis and 7) involving policy makers into 
a quality improvement plan on the health care and non –healthcare related aspects of 
management HD patients in Lebanon.  
Concluding Remark: 
In conclusion, the NEMO study met its main objectives in improving clinical indicators 
among HD patients. HD patients do benefit from intensive individualized nutrition 
counseling through a 2 hour per month dedicated dietitian-to-HD patient time. Inte-
grating behavioral theory and tailoring education to the patient’s readiness to change 
enhances behavior. Partnering with patients in their health management is effective in 
improving their adherence to the assigned treatment. Stage based dietary education 
can be considered a viable option in managing hyperphosphatemia among HD patients, 
subsequently decreasing mortality. It can play the role of a model to follow in most 
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Arabic speaking countries that face the same cultural and health care issues. The edu-
cational material can easily be adopted in the regular dietetic care of HD patients. The 
main outcomes of the present thesis are outlined below:  
• Dietetic practices in Lebanon in HD units are lagging behind KDOQI nutrition prac-
tice guidelines. Knowledge of dietitians in renal dietetics is insufficient. Frequency of 
dietitians consults to HD patients is less than 1 time per year. Multidisciplinary team 
approach to manage HD patients does not exist. Future studies should look into cost 
effectiveness analysis of dietary treatments in HD units; to build the pillars of 
change towards better support from administration on favorable conditions for op-
timal dietitian-to- HD patient ratios.  
• TTM is widely used in dietary behavior change interventions but not in renal failure 
patients. The current study can be considered the first to pave the way to many sim-
ilar studies in the aim of building a solid ground for future evidence based recom-
mendations.  
• Focus group discussion with the target population (patient and dietitian) facilitated 
the process of constructing effective educational material. Future studies should 
strive to attain the opinion of the target population before planning interventions.  
• The study was effective on changing biochemical parameters among HD patients 
related to hyperphosphatemia, decreased hospital length of stay, and advanced the 
stage of readiness to change in lifestyle behavior to the “action” stage. Future stud-
ies should focus on opening lines of communication between dietitians, psycholo-
gist and education professionals which may result in highly efficient and effective 
nutrition education. 
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Study Summary  
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STUDY SUMMARY  
The aim of the study was to assess the effect of implementing Self Management Dietary 
Counseling (SMDC) on improved adherence of HD patients and achieving chronic kidney 
disease related mineral bone disorder (CKD-MBD) management.  
This was done through an integrated two-prong research study: 
1. Patient-directed track: Effect of optimal nutritional awareness in HD patients 
through specialized dietetic education programs conducted by trained profession-
als, on improving adherence to therapy and thus clinical, quality of life and cost 
outcomes. 
2. Health care staff-directed track: Effect of training key health care professionals 
(especially dietitians) in hospitals on management of CKD-MBD. 
Sample selection: 
Through a randomization process, 12 HD units were selected from the national sample 
and randomly assigned into 2 clusters. Patients in cluster A were randomly assigned 
according to their dialysis shift to Dedicated Dietitian (DD) protocol (n = 133) and Exist-
ing Practice (EP) protocol (n = 138). Cluster B patients (n = 299) received Trained Hospi-
tal Dietitian (THD) protocol. Inclusion criteria for patients were: stable (free of acute 
diseases) HD patients ≥18 years, able to comprehend the study and sign a consent form 
were included to the study.  
Staff Training: 
Eleven dietitians were trained by the principle investigator (PI) on KDOQI nutrition 
standards for HD patients. The PI met with the dietitians on a weekly basis for 2 hours 
over 8 weeks. Five of these dietitians were externally recruited research dietitians and 6 
of them were hospital dietitians responsible for managing HD patients. 
Patient Education Material Development: 
Focus group discussions were conducted with HD patients and renal dietitians from 
Lebanon to explore the barriers and facilitators to dietary adherence in the renal diet. 
According to the results of these discussions and using the Trans Theoretical Model 
(TTM), the patient education material was developed. The main aim was to increase 
knowldge and self managemenet skills of patients on phosphorus (P) restricted diet, 
and emphasize the importance of balancing low P with adequate protein intake to 
prevent malnutrition.  
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Conduct of study and data collection.  
Study Protocols:  
• Dedicated Dietitian Protocol: Each patient in this group received an individualized 
twice per week 15 minutes education, by the trained research dietitian, for 6 
months, a total of 12 hours of education per patient. The patient educational mate-
rial designed in this study were used only for these patients. 
• Existing Practice Protocol: Considered as control, where patients received education 
from hospital dietitians, who was blinded the study.  
• Trained Hospital Dietitian Protocol: Patients were educated by the trained hospital 
dietitian. The dietitian was not given educational material or any protocol to follow 
for patient care.  
Study phases:  
The study had 3 consecutive phases: baseline (t0), intervention (t1), follow-up (t2), 
where each had a duration of 6 retrospective months. During the follow up period the 
research team had no contact with any of the participants. 
Data collection:  
From the medical chart he following were collected: demographics, weight, length of 
hospital stay (LOS) in days, blood urea nitrogen (BUN) (mg/dL) and serum P (mg/dL). 
Moreover, 4 questionnaires were used in this study: 1) Knowledge questionnaire (KnQ); 
score of less than 60 % indicated insufficient knowledge; 2) Malnutrition Inflammation 
Score (MIS), the score ranged from 0 (normal) to 30 (severely undernourished); 3) Stag-
es of Behavioral Change (TTM stage) for P restricted diet, the score was from 1 to 5 
indicating the stages of behavioral change and health related Quality of life (HRQOL). 
Moreover through a 24 hour recall, daily dietary protein consumption as compared to 
needs and dietary P density were calculated.  
Results:  
Results showed that the DD protocol was superior over the other 2 protocols , as it 
improved significantly most study parameters as summarized in figure 1. 
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Figure 1: Effect of each study protocol 
on all study parameters 
(√ indicates significant improvement; X 
indicates significant deterioration and 
 indicates absence of change). 
 
The objective of the this trial was to determine the role of a trained and dedicated 
dietitian in the HD unit on patient clinical outcomes in Lebanon. 
 The study can serve as a developing country model. The findings show that there is 
room for improvement among Lebanese HD patients regarding osteodystrophy man-
agement and relevant biochemical and clinical parameters, justifying an effort to im-
prove nutritional advice. 
 In conclusion, dietetic services in HD units in Lebanon are lagging behind although 
professionals involved do their very best. Hospitals that operate a HD unit do not seem 
to equip their dietitians with sufficient time, training, or empowerment to follow 
KDOQI standards of care in the management of HD patients. The supply of dietetic 
services and demand of renal patients is not in balance; due to the lack of specialized 
renal dietitians in the face of the ever-rising numbers of renal failure and HD patients in 
Lebanon. The MOPH is encouraged to promote the integration of renal dietitians as a 
core member of the health care team for the optimal cost effective management of HD 
patients in Lebanon. This can be done by: the following steps: 1) hospitals provide spe-
cialized training to hospital dietitians on KDOQI standards, 2) reinforce their implemen-
tation, 3) continuously audit and assess compliance to KDOQI nutrition guidelines in 
routine practice, 4) allocate extra time for management of HD patients either by de-
creasing responsibilities of already existing dietitians or recruiting new ones to be fully 
dedicated to the HD unit and finally 5) consider renal dietitians as key health care pro-
fessionals in the management of HD patients.  
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VALORIZATION 
Hemodialysis (HD) is well known to be the leading resource-consuming renal replace-
ment therapy worldwide, posing heavy health and economic burdens on the individual, 
societal and health care system levels.  
 
Nutrition care of HD patients is a crucial part in their management and treatment. Exist-
ing evidence shows that poor adherence to medical nutrition therapy is associated with 
negative outcomes on all the above-mentioned levels, i.e.: increased frequency and 
length of hospitalization, decreased quality of life, frequent need for emergency dialy-
sis, increased need for medication, in addition to the need for more physician and pa-
tient caregiver time... 
 Therefore, achieving optimal hemodialysis patient adherence is a suggested key 
means for improving health outcomes and subsequently decreasing health care costs. 
However, despite advances in behavioral and health research, increasing patient ad-
herence to treatment in this specific population remains a major challenge facing the 
health care professionals and posing tremendous burden on the health care systems. 
 
In terms of patient health gains, the current project explored an understudied area for 
improving patient outcomes, i.e. phosphatemia, adherence to treatment and quality of 
life and offered simple, practical and patient-friendly strategies in this aim. 
 
From the health care provider view, this project pioneered in validating the effective-
ness of the transtheoretical theory, as a counseling model in the management of he-
modialysis patients. It also offered novel key knowledge, practical strategies and tools 
and new insights for health care professionals to improve their patients' adherence to 
treatment and health outcomes without the need for increased resources, except for 
ensuring adequate counseling time. Within this scope, this projects identified optimal 
health care provider- hemodialysis patient time and ratio for optimal patient outcomes.  
 
Moreover, nutrition therapy is a type of preventive medicine, and it is assumed that 
significant healthcare cost savings and reduction of global burden of disease can be 
achieved when a population is healthier. Thus, from this broader perspective and given 
the scarcity of governmental resources and the rapidly escalating hemodialysis health 
costs, the need for novelties in the health care systems is on the rise. This is especially 
true for Lebanon, where data show that in 2009, 8% of the Lebanese Ministry of Public 
Health's budget was spent on HD patients. The current study validated a model that 
suggests recruiting a dedicated dietitian to each HD unit and in return have patients 
improve their dietary self management and adherence to medical nutrition therapy; 
thus improve their clinical outcomes and quality of life. In addition, it provided evidence 
that this model is superior to existing practices in terms of the above-mentioned pa-
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rameters, thus questioning the adequacy of the current policies in Lebanon and other 
developing countries with similar health care systems.  
 
Finally, this project presented a new healthcare model, validated its clinical effective-
ness, and showed that it is worthy to be economically evaluated. In fact, to put a mone-
tary value for the improvement of each patient due to better nutritional management 
is difficult and needs studies focusing directly on its economic evaluation. If found cost-
effective, this model would be subsequently suggested to the public health decision 
makers as a feasible health care innovation.  
 
The direct benefit of this study was to the HD patients; but indirectly it did improve the 
general welfare of the society. The only loss in this system was the financial compensa-
tion for the dedicated dietitian yet the return on investment was evident for the pa-
tient, the caregiver, the medical staff, and the healthcare cost. 
 
In conclusion, this project presents a rigorous evaluation of the clinical effectiveness of 
the use of this model in the management of hemodialysis patients and offers key find-
ings to the health care professionals and to the public health policy makers as well. 
We hope that the knowledge gained from this project, together with existing and fu-
ture suggested research findings could jointly result in useful outcomes in the man-
agement of hemodialysis patients, in an attempt to lighten the health, social and eco-
nomic burdens of hemodialysis. 
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